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I.  imOODCTIOH  AMD  OVERVIEW  OF  THE  fflwsTg 

A.  THE  MODERN  BUSINESS  ENTERPRISE 

Th«  aodern  corporation  operatas  wltiiin  a bualneaa  environaant  that 
la  unllka  tha  taxtbook  world  of  parfact  coopatitlon.  According  to 
Galbraith  and  othars,  tha  aconoalc  ayataa  In  tha  Uni tad  Stataa  la 
doalnatad  by  larga,  dl vara If lad  corporatlona  In  which  atock  ownarahlp 
la  wldaly  dlaparaad  and  affactiva  control  la  axarclaad  by  corporate 
■anagara,  rathar  than  by  tha  aharaholdar-ownara  of  tha  fir*.^  Thla 
aaparatlon  of  ownarahlp  from  control.  It  la  arguad,  paralta  a conaidarabla 
dagraa  of  aanagarlal  dlacratlon,  and  It  la  largely  for  thla  raaaon  that 
raaaarchara,  particularly  aconowlata,  have  racantly  davotad  a great  deal 
of  effort  to  raforamlatlng  tha  theory  of  tha  firm.  Thalr  raaaarch  haa 
raaulted  In  a variety  of  aodela,  each  of  which  atteapta  to  provide  a aora 
raallatlc  explanation  of  tha  behavior  of  tha  flra  than  that  provided  by 
tha  traditional  theory.  While  thaaa  aodam  ravlalona  have  gone  a long 
way  toward  laf>rovlng  tha  theory  — by  Incorporating  aanagarlal  objactlvaa, 
by  giving  financial  conaldaratlona  an  laportant  role,  by  dealing  with  the 
growth  of  tha  flra  over  tlaa,  and  by  treating  uncertainty  — tha  task  of 
theory  building  la.  In  tha  opinion  of  this  writer,  not  yet  coaplata.  Tha 
purpose  of  this  paper  la  to  survey  the  literature  dealing  with  tiia  theory 
of  tha  flra.  Thla  la  dona  In  tha  aacond  chapter.  The  aaln  purpose  of  this 
thesis  la  first,  to  extend  the  theory  of  tha  flra  by  developing  a aodel 
of  the  flra  that  can  be  used  to  study  the  behavior  of  tha  flra  within  a 
aultlperlod  stochastic  environaant;  and,  second,  to  apnly  the  modal  to 
firwM  in  tha  U.S.  alrfraaa  Industry  in  order  to  study  tha  behavior  of 
these  flras  In  tha  context  of  that  Industry's  Institutional  nlllau. 
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ABSTRACT 


This  thesis  contains  a formulation  of  a dynamic  stochastic 
model  of  corporate  behavior  over  the  business  cycle  and 
applies  the  basic  model  to  firms  in  the  U. S.  airframe  Industry. 
The  literature  dealing  with  the  theory  of  the  firm  is  surveyed 
and  a taxonomy  is  developed  within  which  the  major  contributions 
to  the  literature  are  appraised. 

The  basic  model  is  formulated  as  an  optimal  control 
problem.  The  model  is  used  to  study  the  behavior  of  the 
firm  over  the  business  cycle  and  to  suggest  a possible 
reconciliation  of  the  traditional  and  managerial  theories 
of  the  firm.  Financial  considerations  are  incorporated 
into  the  model  and  the  relationship  between  the  firm's 
optimal  operating  decisions  and  its  optimal  financial 
decisions  is  examined.  Organizational  factors  are  introduced 
and  some  of  the  consequences  of  decentralized  decision-making 
for  the  loss  of  control  and  X -efficiency  are  studied. 

The  basic  model  is  extended  to  the  major  airframe  builders 
by  incorporating  factors  specific  to  that  Industry's  institutional 
milieu.  A model  of  a representative  airframe  builder  is 
formulated  as  a stochastic  optimal  control  problem  and  is 
used  to  study  the  impact  of  the  government's  progress  payments 
policy  and  the  likely  impact  of  making  interest  expense  an 
allowable  cost  under  government  contracts. 
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Practical  men,  who  believe  themselves  to  be  quite  exempt 
from  any  intellectual  Influences,  are  usually  the  slaves 
of  some  defunct  economist.  Madmen  in  authority,  who  hear 
voices  in  the  air,  are  distilling  their  frenzy  from  some 
academic  scribbler  of  a few  years  back. 

- John  Maynard  Keynes 

General  Theory  of  Employment . 

Interest . and  Money 
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I.  INTRODUCTION  AND  OVERVIEW  OF  THE  PAPER 


A.  THE  tUDERN  BUSINESS  ENTERPRISE 


The  modern  corporation  operates  within  a business  environment  that 
is  unlike  the  textbook  world  of  perfect  competition.  According  to 
Galbraith  and  others,  the  economic  system  In  the  United  States  is 
dominated  by  large,  diversified  corporations  in  which  stock  ownership 
is  widely  dispersed  and  effective  control  is  exercised  by  corporate 
managers,  rather  than  by  the  shareholder-owners  of  the  firm.^  This 
separation  of  ownership  from  control,  it  is  argued,  permits  a considerable 
degree  of  managerial  discretion,  and  it  is  largely  for  this  reason  that 
researchers,  particularly  economists,  have  recently  devoted  a great  deal 
of  effort  to  reformulating  the  theory  of  the  firm.  Their  research  has 
resulted  in  a variety  of  models,  each  of  which  attempts  to  provide  a more 
realistic  explanation  of  the  behavior  of  the  firm  than  that  provided  by 
the  traditional  theory.  While  these  modern  revisions  have  gone  a long 
way  toward  improving  the  theory  - by  incorporating  managerial  objectives, 
by  giving  financial  considerations  an  important  role,  by  dealing  with  the 
growth  of  the  firm  over  time,  and  by  treating  uncertainty  - the  task  of 
theory  building  la,  in  the  opinion  of  this  writer,  not  yet  complete.  The 
purpose  of  this  thesis  is  to  model  the  behavior  of  the  modern  corporate 
enterprise  over  the  business  cycle  and  to  apply  the  basic  model  to  firms  in 
the  U.S.  airframe  Industry.  The  principal  purpose  of  this  chapter  is  to 
characterize  the  modern  business  enterprise. 

The  traditional  view  of  the  individual  firm  being  buffeted  about  by 
market  forces  beyond  its  control  is,  in  the  opinion  of  this  writer. 


1 


The  traditional  view  of  the  Individual  firm's  being  buffeted  about 
by  market  forces  beyond  Its  control  Is,  In  the  opinion  of  this  writer, 

inappropriate  in  the  context  of  the  nodam  corporate  economy.  In  1975 

there  were  169  manufacturing  corporations  each  with  assets  over  $1  billion 

Collectively  these  firms  controlled  67  percent  of  all  manufacturing  assets 

and  earned  61  percent  of  all  sales  of  manufacturing  corporations.  In  the 

sane  year  there  were  more  than  750  mantifacturlng  corporations  with  assets 

In  excess  of  $100  million,  and  collectively  these  firms  controlled  roughly 

90  percent  of  all  manufacturing  assets  and  earned  roughly  86  percent  of 
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all  manufacturing  sales.  These  large  firms  enjoy  considerable  degrees 
of  market  power,  and  In  many  cases  they  are  capable  of  dominating  the 
markets  In  %dilch  they  participate.  As  a consequence,  they  play  a crucial 
role  In  determining  how  efficiently  the  economy  functions.  For  these 
reasons  It  is  tha  behavior  of  the  large  doadnant  corporations  that  the 
modem  theory  of  the  firm  seeks  to  explain. 

The  purpose  of  this  chapter  Is  to  prepare  the  reader  for  the  next 
chapter's  survey  of  models  of  the  firm.  The  present  section  characterises 
the  modem  business  enterprise  and  Its  operating  environmant  and  dlscusaes 
In  broad  tarms  some  of  the  Important  differences  between  the  traditional 
view  and  the  modem  vlew(a)  of  the  firm.  Sectlors  B and  C discuss  the  use 
of  mathematical  models  In  tha  theory  of  the  firm  and  define  the  Important 
aconomlc  terms  that  are  used  throughout  the  thesis.  Section  D describes 
the  differences  between  models  of  the  firm,  which  are  die  subject  of  this 
thesis, and  models  of  Industry  and  general  equlUbrlimi  models,  which  are 
not.  Soma  Interesting  features  of  these  latter  types  of  models,  and 
their  relationship  to  models  of  tha  firm,  are  also  discussed  In  section  D. 
The  final  section  susamrlaes  the  chapter  and  provides  an  oi erviaw  of 
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1.  Th«  Objcctlvas  of  the  Fin 

A crucial  aspect  of  any  theory  of  fin  behavior  la  the  nature 
of  the  fin's  objectives.  In  the  opinion  of  this  writer.  In  order  to  be 
able  to  understand  how  firas  behave  and  to  be  able  to  use  this  under- 
standing to  Indicate  how  flm  should  be  expected  to  behave  under 
differing  sets  of  clrcuastances.  It  Is  first  necessary  to  detenlne  the 
fin's  objectives -l.e.  what  It  Is  trying  to  achieve.^  The  traditional 
view  Is  that  the  corporation  Is  owned  by  the  stockholders.  This 
subsection  discusses  the  objectives  of  the  fin,  taking  as  Its  point  of 
departure  the  traditional  view  that  the  fin  seeks  to  naxlalse  the 
econoBlc  welfare  of  the  fin's  owners.  The  reaalnder  of  the  subsection 
deals  with  challenges  to  this  view,  with  attempts  to  defend  it,  and  with 
the  alternative  objectives  that  have  been  suggested. 

According  to  the  traditional  view,  the  managers  of  the  fin  act 
as  the  agents  of  the  owners,  snd  In  this  capacity,  try  to  make  as  much 
money  for  the  owners  as  they  possibly  can.  However,  when  control  Is 
exercised  by  the  managers,  rather  than  by  the  owners,  there  Is  no  guarantee 
that  the  objectives  of  the  fin  will  be  those  of  the  owners.  Robert  J. 
Larner  carried  out  a study  of  corporste  control  In  which  he  classified 
firms  as  managemsnt-controlled  unless  10  percent  or  more  of  the  fin's 
voting  stock  was  held  by  an  Individual,  family,  corporation,  or  group  of 
business  associates.^  He  estimated  that  In  1963,  84  percent  of  the 
largest  200  nonflnanelal  corporations  snd  75  percent  of  the  largest  500 
nonflnanclal  corporations  were  management-controlled.^  In  addition,  he 
found  that  management  control  had  Increased  substantially  since  1929 
when  an  sarlljr  study  had  bean  carried  out  by  Adolph  A.  Berle,  Jr.,  and 
Gardner  C.  Means The  main  lapUcatlon  of  Lamar's  study  Is  that,  to  an 
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IncrMsint  axtant,  affcctlT*  control  of  thn  largest  flras  is  sxsrclssd 
by  professional  Banagsrs,  rather  than  by  the  fim's  shareholder-owners.  ' 
This  has  led  econonlets  to  study  whether  the  goals  of  theae  two  groups  — 
the  shsreholders  end  the  nanagers  — conflict.  It  is  generally  accepted 
aaong  econosdsts  thet  shsreholders  derive  utility  (or  satisfection)  fron 
the  dividends  they  receive  and  the  aarket  value  of  the  shares  they  hold.^^ 
It  is  also  widely  held  thet  nanagers  derive  utility  fron  the  sise  and 
rate  of  growth  of  the  fime  they  nanege,  the  snount  of  coapensstion  they 
receive,  and  the  sise  of  the  staffs  they  control. It  follows  that, 
to  the  extent  that  faster  growth,  larger  executive  selaries,  and  larger 
staffs  aean  lower  dividends  and  lower  share  values,  the  separation  of 
ownership  froa  control  will  perait  the  fim's  nanagers  to  pursue  their 
own  goals  at  the  expense  of  shareholders'  goals,  and  further,  thet  the 
degree  of  aanageaent  control  will  detemine  the  relative  weights  atteched 
to  each  set  of  goals  when  the  fim  sets  its  policy.  When  share  ownership 
is  widely  dispersed,  es  it  is  in  aodem  large  corporations,  the  fim's 
aanegers  aay  be  free  to  pursue  their  own  goels  to  the  detriaent  of  the 
goels  of  shareholders,  with  the  only  restraints  on  their  activities 
being  those  iaposed  by  the  product  aarkets,  the  financial  aerkets,  and 
the  govemaent. 

fhouglt  the  apparent  seperetion  of  ownership  fron  control  gives 
corporate  nanagers  the  freedoa  to  pursue  their  own  goals,  econoaists  are 
not  In  agrseaent  as  to  leather  corporate  nanagers  take  advantage  of  this 
freedoa.  The  traditional  (or  neoclassical)  view,  which  will  be  considered 
in  nore  detail  in  sections  B through  E of  chapter  two,  aalntalns  that  the 
fim  seeks  to  asxlnlse  total  profit.  One  generally  held  interpretation 
of  the  traditional  view  is  that  the  fim  is  run  by  an  owner-entrepeneur 
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who  aaxlBlzea  total  profit  in  ordar  to  optlalze  his  own  welfare.  In 
the  context  of  a aultlperlod  model  that  takes  Into  account  the  separation 
of  ownership  from  control,  neoclassical  economists  have  substituted  the 
goal  of  maximising  the  stock  market  value  of  the  firm's  equity  shares 
for  the  goal  of  maximising  profits,  arguing  that  the  overriding 
objective  of  the  firm's  managers  is  to  do  the  best  they  possibly  can  for 
the  firm's  shareholder^owners.  In  each  case  the  firm  is  assumed  to 
conduct  its  business  in  the  manner  most  consistent  with  the  objectives 
of  its  owners. 

The  neoclassical  view  haa  been  widely  criticized.  In  light  of 
the  apparent  separation  of  ownership  from  control,  it  is  difficult  for 
many  aconomlats  to  sea  why  corporate  managers  would  feel  coapelled  to 
•aximisa  the  return  to  shareholders.  As  Edith  Penrose  has  argued, 
"providers  of  capital,  like  providers  of  labor  services,  must  be 
remunerated,  sometimes  handsomely,  but  a desire  to  remunerate  them  as 
handsomely  as  possible  is  not  a plausible  explanation  of  the  behavior 
of  modem  corporations."^^  Might  the  managers  of  the  firm  be  forced 
by  external  market  forces  to  maximise  profits  (or  the  market  value  of 
the  firm's  shares)?  Friedman  and  others  have  argued  that  there  is  an 
economic  natural  selection  mechanism  at  work  that  forces  firms  to 
maximise  profits. For  example,  in  the  competition  for  investment 
funds  in  the  capital  markets,  the  competitive  mechanism  operating  within 
these  markata  will  ensure  that  only  those  firms  that  maxlmisa  profits 
will  survive.  Tat,  Sidney  Vinter  has  carefully  shown  that  this  argument 
may  not  always  hold  and  that,  in  some  states  of  the  environment,  firms 
that  seek  only  s satisfactory  level  of  profits  or  firms  that  seek  to 
maximise  some  ether  quantity,  such  as  the  rata  of  growth  of  the  firm. 
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ar«  aor*  llk«ly  than  tha  profit  aaslalBara  to  aurvlTa.^^  Moraovar, 
Gordon  Donaldaon  haa  shown  that  larga  flraa  ralsa  a vary  larga  portion 
of  thair  invaataant  funds  intamally,  which  givas  thaa  a hi^  dagraa  of 
Indapandanca  froa  tha  capital  aarkats  and  tha  disciplina  thasa  aarkats 
aight  otharwisa  ba  able  to  iaposa  on  tha  fira's  behavior. 

A second  arguaent  put  forward  in  defense  of  the  profit  aerial sa- 

tion  hypothesis  aaintains  that*  unless  the  fira  aarlaisas  profits,  it 
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will  find  itself  vulnerable  to  a takeover  raid.  That  is,  soae  other 
fira,  once  it  recognises  that  profits  are  not  being  aaxiaised,  will 
purchase  a controlling  interest  in  the  non-profit  aaxlBiBar,  and  then, 
by  operating  tha  coapany  aora  efficiently,  increase  the  profits  of  the 
taken  over  fira,  and  thereby  increase  its  own  profits  as  well.  This 
argiaent  assuaes,  of  course,  that  sufficient  Inforaation  is  available  to 
enable  firaa  to  detaralna  how  larga  another  fira's  profits  would  be  if 
that  fira  were  operated  at  aarciaua  efficiency.  Unfortunately,  the  bulk 
of  the  financial  inforaation  raleasad  to  the  public  relates  to  actual 
operating  results  and  provides  little  indication  as  to  what  night  have 
happened  to  profits  under  soas  altamative  operating  policy.  Also  in 
contrast  to  dM  takeover  arguaent,  two  recent  studies  by  Singh  have 
suggaated  that,  over  fairly  wide  ranges  of  profitability,  the  probability 
that  a fira  will  be  taken  over  does  not  decraaaa  as  the  fira's  profita- 
bility iacreaaeo.^^  In  addition,  two  other  recent  studies  have  shown 
that  acquired  fims  earned  profits  that  were  only  slightly  below  average 

for  their  induotrleo  and  that  aaay  of  the  firaa  acquired  by  conglonerate 
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firaa  were  aaong  the  aore  profitable  firaa  la  their  induatriea.  Theae 
atudlea  laply  that  a fira's  relative  profitability  aay  have  little  effect 
on  its  probability  of  being  taken  over,  and  hence,  that  the  threat  of 
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takeover  aay  not  be  strong  enough  to  force  flrw  to  aaxlalee  profits.  ^ 
Moreover,  It  aay  be  size  rather  than  profits  that  provides  the  flr«  the 
greater  protection  against  a takeover,  by  asking  It  aore  difficult  for 
a potential  takeover  raider  to  raise  sufficient  capital  with  which  to 
purchase  a controlling  Interest.  Harris  takes  this  counter-arguaent 
a step  further  by  arguing  that  the  rise  of  aanageaent-controlled 
corporations  has  brou^t  about  a fundaasntal  change  In  the  way  the 
corporate  sector  of  the  econoay  functions  and  has  altered  the  selection 


process  In  such  a way  that  only  flras  that  aaxlalze  growth  can  survive. 
Thus,  according  to  Harris,  It  Is  growth  aaxlalzatlon,  rather  than  profit 
aaxlalzatlon,  that  gives  the  greater  probability  of  survival. 

A third  line  of  arguaent  offered  In  support  of  the  hypothesis 
that  corporate  aanagers  seek  to  aasiBlBe  profits  focuses  on  executive 
coapensatlon.  Hllbur  Lewellen  carried  out  an  aztenalve  study  of  top 
executive  coapensatlon  for  fifty  very  large  manufacturing  flrw  over  the 
period  1940  to  1963.  He  found  that  their  ownershlp^orlented  coapensatlon  ■ 
ptlaarlly  from  profit-sharing  and  stock  option  plana  ~ was  the  only  source 
of  growth  of  total  executive  after-tax  coapensatlon  during  the  period 
1940  - 1963,  and  that  It  foraed  approxlaataly  one-half  of  total  executive 
after-tax  coapensatlon  during  the  period  1935  - 1963.  Over  the  period 
1940  - 1963  salary  and  bonus  averagad  sosawhat  less  than  one-quarter  of 
total  executive  before-tax  coapensatlon.  In  a stibsequent  study  he 
found  that  executives'  total  coapensatlon  was  aore  closely  related  to 
the  profitability  and  to  the  aarket  value  of  the  flra  than  to  the  flra's 


level  of  selea.  In  view  of  these  results.  It  would  appear  that  the 
Intereeta  of  corporeta  aMiagers  are  eloealy  allied  with  the  Interests  of 
shareholders,  but  there  exlats  evidence  to  the  eentrary.  D.  t.  Heberts 
sad  J.  R.  NeOaira  at  el.  carried  out  creea-sectlon  reareaaloa  atudios  of 


•Mcutlv*  coapanaation  which  ravaalad  that  aaaauraa  of  alca  axplalnad 
a largar  portion  of  tha  intar-fira  variation  in  axacutiva  coapanaation 
than  aeaauraa  of  profitability.  Tha  baat  way  to  obtain  high  coapanaa- 
tion  is  to  bacoaa  a high-ranking  axacutiva  of  a larga  corporation.  In 
addition,  Robin  Harris  and  othars  argua  that  larga  firaa  show  a genaral 
prafaranca  for  intamal  proaotion  and  that  profaaaional  aanagars  arc 
willing  to  sacrifice  soaa  of  tha  flra'a  profits  in  order  to  achieve  a 
futar  rata  of  growth  and  greater  size  because  wore  rapid  growth  and 
larger  size  aaan  aora  higher-paying  Jobs  near  tha  top  of  tha  corporate 
ladder  and  aora  opportunities  for  proaotion.  According  to  this  line 
of  arguaent,  aanagars*  salaries  ara  aora  closely  correlated  with  factors 
other  than  tha  flm's  profitability,  such  aa  size,  and,  to  tha  extant 
paraltted  by  tha  separation  of  ownership  froa  control,  aanagars  will 
sacrifice  profits  in  order  to  pursue  these  other  objectives. 

Within  tha  last  two  decades  aconoaiats'  efforts  have  intensified 

to  foraulata  alternative  aodels  of  the  fira  that  tha  aodalers  believe 

27 

reflect  anre  accurately  the  objectives  of  corporate  sumagers.  These 

alternative  theories  have  bean  labeled  'aanagerial*  because  of  their 

identification  of  the  fira's  objectives  with  tha  objectives  of  the  fira's 

aanagars  (rather  than  its  wners).  Williaa  J.  Bauaol  has  developed  a 

28 

salsa  aaxlBisation  aodel.  In  describing  his  aodel  Bauaol  argued  that 
sales  were  aore  aaenable  than  profits  ,to  objective  aeasuraaent  and  that 
the  salaries  of  top  executives  were  swre  closely  related  to  the  size  of 
the  fira  than  to  its  profitability.^^  Robin  Harris  and  Oliver  Williasaon 
have  developed  aodels  in  which  aanagars  act  so  as  to  aaxialse  their  own 
utility.  In  the  Karris  aodel  the  aanager's  utility  function  has  two 
argtawnts,  the  rate  of  growth  of  the  fira’s  productive  assets  and  what 
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h*  calls  tha  valuation  ratio,  which  la  tha  ratio  of  the  stock  aarkat 

value  of  tha  firm  to  tha  book  value  of  tha  f Ira's  net  assets.  In  the 

Oliver  Wllllaason  aodel  the  aanager's  utility  function  has  two  arguswnts: 

first* staff  expenditures,  which  Include  outlays  on  advertising,  research 

and  davelopaent,  and  aanagerlal  aaolusients;  and  second, discretionary 

profits,  which  are  profits  that  are  spent  at  the  discretion  of  the  flra's 
31 

aanagers.  These  three  aodcls  will  be  discussed  aore  fully  In  section  G 
of  chapter  two,  where  It  Is  argued  that  the  Bauaol  aodel  can  be  regarded 
as  a utility  aaxlalBatlon  aodel  In  which  tha  utility  function  has,  as  Its 
lone  arguaant,  the  level  of  tha  flra's  sales.  It  is  also  pointed  out 
that.  In  contrast  to  the  neoclassical  aodels,  the  level  of  the  flra's 
overall  (as  opposed  to  discretionary)  profits  enters  each  of  tha  three 
aanagerlal  aodals  as  a constraint  rather  than  as  an  arguaant  of  the 
objective  function. 

The  foregoing  has  indicated  the  range  of  views  concerning  the 
appropriate  objective  function  for  a aadel  of  the  aodem  business 
enterprise.  By  way  of  suaaary,  the  debate  Is,  In  essence,  over  whether 
the  utility  function  of  the  flra's  owners  (the  traditional  view)  or  the 
utility  function  of  the  flra's  aanagers  (the  aanagerlal  view)  Is  aore 
appropriate  as  the  objective  function  of  the  flra.  Stated  soaewfaat 
differently,  the  debate  concerns  the  extent  to  idilch  the  apparent 
separation  of  ownarshlp  froa  control  has  paraltted  corporate  aanagers 
to  pursue  their  own  goals  to  the  detrlasnt  of  those  of  the  owners. 

Before  concluding  this  subsection  It  should  be  noted  that  there 
Is  a third  view  concerning  the  objectives  of  the  flra.  According  to 
this  view  the  aodem  corporation  Is  a diversified  and  coaplex  bureaucratic 
organisation  coaprlsed  of  various  social  groupings,  each  with  Its  own  sat 
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of  objoctivos,  and  th«  bohavlor  of  such  an  ortanlaation  la  tha  raault 

of  a bargaining  procaaa  aaong  tha  varloua  aoclal  grouplnga.  Tha  aaln 

conaequanca  of  thla  Intaractlva  procaao,  ao  tha  arguaant  goaa,  la  that 

the  firm  haa  no  alngla,  all-a^raclng  objactlva,  auch  aa  profit  aaxlalsa- 

tlon  or  growth  aaxlalaatlon,  and  tha  objactlvaa  of  tha  flra  cannot  ba 

Identified  atrlctly  with  thoae  of  any  ona  grouping,  auch  as  the  ahare- 

holdera  or  top  aanagesant.  The  observed  behavior  of  the  flm  la  unlikely 

to  be  optlaal  with  respect  to  the  objectives  of  any  one  grouping  or 

with  respect  to  any  ona  goal.  Rather,  in  order  to  accosaodata  the 

conflicting  Interests  of  top  azacutlvas,  sdddla  sumagars,  shareholders, 

etc.,  the  fin's  aanagars  ala  toward  a satisfactory  level  of  profits, 

a satisfactory  lavel  of  salas,  a satisfactory  rate  of  growth,  and 

satisfactory  values  for  the  other  variables  of  Interest,  where  In  each 

casa  tha  'satisfactory*  valua  Is  established  through  the  bargaining 

procaaa.  Tha  bahavloral  Models  of  the  fin,  as  thay  ara  callad,  are 

discussed  In  section  H of  chapter  two,  where  It  Is  pointed  out  that, 

whlla  tha  bahavloral  Modals  have  perforMed  well  In  term  of  explaining 

cartaln  types  of  bahavlor,  such  as  price  setting  behavior,  of  particular 

firm,  they  have  yielded  little  In  the  way  of  ganaral  results.  In 

particular,  dua  to  tha  abaanca  of  optlalslng  bahavlor  on  tha  part  of  tha 

flm.  It  is  virtually  laposslbla  to  datarmlna  how  tha  fin  %rlll.  In 

ganaral,  raaet  to  axtarnal  stlMull,  such  as  an  Incraasa  In  tha  corporata 
33 

tax  rate.  In  tha  opinion  of  this  wrltar,  whlla  tha  daacrlptlva 
faaturas  of  tha  bahavloral  Modals  ara  not  without  mrlt,  a nodal  of  tha 
fin  Is  mra  likely  to  yield  uaaful  analytical  Inpllcatlons  If  It  Is  of 
tha  optlMlsation  variety.  With  tha  exception  of  tha  behavioral  Models 
dlacuasad  In  section  H,  all  tha  other  Models  of  the  fin  discussed  In 
chapter  two  assum  optlnltlng  bahavlor  on  the  part  of  the  fin. 
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Tt  it  ch«  «uehor'«  opinioa  Chat  • morm  general  creataenc  Chan 
the  onee  deacrlbed  above  can  be  given  the  fix*' a obJecCivee.  Moreover, 
chie  Bore  general  treataenC  could  drae  on  the  behavioral,  aa  well  aa  the 
traditional  and  managerial,  vlewa  of  the  fir*.  It  la  the  author'a  opinion, 
which  la  baaed  in  part  on  hie  own  field  reeearch,  chat  corporate  objectives 
are  set  largely  by  top  aanageaent,  but  chat  the  goals  of  shareholders  and 
other  groups  within  the  fir*  can  have  a direct  impact  on  the  flra's 
behavior.  Hence^  the  objective  function  of  the  fir*  should  reflect  the 
goals  of  nanagara  as  well  as  those  of  shareholders  and  other  groups  within 
the  fir* -*  but  as  Interpreted  by  top  aanageaent.  The  corporate  utility 
function,  then,  should  not  be  that  of  any  single  group,  but  rather,  should 
at  least  reflect  both  traditional  and  managerial  sources  of  utility. 

A aodal  of  the  firm  incorporating  tiie  corporate  utility  fimction 
just  discussed  in  its  objective  function  could,  in  contrast  to  the 
behavioral  models,  be  of  the  optiaisation  variety.  One  of  the  uses  to 
which  such  a model  could  be  put  is  the  study  of  the  trade  offs  between 
traditional  and  aanagerial  sources  of  satisfaction.  Another  of  die 
possible  uses  is  the  study  of  the  behavior  of  Che  aodem  corporate  enters 
prise  over  the  business  cycle.  If  the  corporate  utility  function  has 
several  arguments  — or  loosely,  several  goals  — it  might  be  shewn  diat  Che 
relative  weights  attadied  to  these  goals  aay  vary  over  the  business  cycle 
in  response  to  changes  in  the  firm's  operating  anvironaent  and  the  resulting 
changes  in  the  severity  of  the  constraints  within  whidi  the  flra  must 
operate.  One  of  the  important  implications  of  such  a systaaatic  shift 
in  goals  aay  be  that  in  certain  tiae  periods  it  appears  chat  a fir*  is 
masialzing  profits  (or  owner  utility),  while  during  other  periods  it 
appears  chat  the  saas  fir*  is  mamlBlting  growth  (or  managerial  utility). 
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In  thin  s«Annctlon  It  was  suggnntad  that  tha  growth  rata  of 
***•  In  a varlabla  diat  la  of  Intaraat  to  corporate  aanagera.  The 
nest  aiAaectlon  exaalnea  the  corporate  growth  proceaa  end  an  Inportant 
clnn*ly  minted  phenoaanon,  dlveralficatlon. 

2.  Corporate  Growdi  and  Dlveralficatlon 

One  of  the  phenoMna  of  Che  aodem  corporate  econoay  that  haa 
Inpmnaed  the  proponenta  of  the  aanagerlal  theorlea  of  the  firm 
la  the  rapid  growth  of  flma  chat  are  already  large. ^ Such  rapid 
growth,  and  In  particular,  the  apparent  failure  of  growth  to  alow 
noticeably  when  the  flm  becoaea  large,  la  at  variance  with  the 
traditional  theory  of  the  flm. 

According  to  the  traditional  view,  for  each  induatry  there 
la  an  optlwai  alia  for  the  flm.  If  a flm  expanda  beyond  chla  optl- 
■UB  alM,  it  will  auffar  an  unavoidable  dacreaoe  la  proflta.  Since, 
according  to  the  traditional  theory,  tha  flm  auat  aaslnlse  proflta 
in  order  to  aurvlve,  the  flm  mat  atop  growing  once  It  achlevea  the 
optima  alae.  A mdem  veralon  of  the  aam  ergunant  aalntalna  that 
firm  aay  grow  very  rapidly  - they  any  even  aaslalse  the  growth  rata 
at  the  espenae  of  abort  run  proflta  - until  they  madi  chla  optlam, 
but  onca  the  optlaua  haa  been  reached,  the  growth  rate  fella  to  aero.^^ 
nnlatance  of  an  optlaua  alae  waa  Initially  argued  on  tha  gromda 
that  production  functlona  exhibit  deeraaalng  retuma  to  acale.  If  not 
ovar  the  entire  range  of  output,  then  at  leant  at  hl^  ratea  of  ourput.^ 
Uhen  aaplrlcal  atudlea  mvealad  that  mturm  to  acale  were  either  con- 
atant  or  Ineraaalng  In  aoat  Induatrlaa,  proponenta  of  the  traditional 
theory  argued  that  even  with  eonatant  or  Incramlng  retuma  to  aeala 
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there  would  still  be  en  optiaua  else  because,  as  the  flm  grows, 

■snagers  find  It  increasingly  difficult  to  control  the  organization.^^ 

The  loss  of  control  would  gradually  erode  operating  efficiency  and 

would  eventually  cause  the  long  run  average  total  cost  curve  to  turn 

upward.  Oliver  E.  Hlllisason  has  described  how  the  aultldi vision 

structure  of  the  aodem  corporate  enterprise,  with  responsibility  for 

the  day-to-day  operations  vested  in  individual  profit  centers  and  with 

the  head  office  responsible  for  long-range  planning,  coordination  of 

the  activities  of  the  divlsiona,  and  corporate  policy,  has  enabled 

corporations  to  schieve  large  size  without  suffering  the  serious  losses 

38 

of  internal  efficiency  predicted  by  the  traditional  theorists. 

Moreover,  the  espirical  evidence  Indicates  that  "firas  which  are  at 

present  snail  or  nediun-slzed  do  not  in  general  tend  to  display  either 
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higher  or  lower  growth  rates  than  fims  which  arc  already  large.” 

Thus,  enplrical  support  is  lacking  both  for  the  optlnum  size  hypothesis 

and  for  the  natural  life  cycle  hypothesis.  In  the  opinion  of  this 

writer,  any  theory  that  attenpts  to  explain  the  behavior  of  modem 

corporations  should  be  consistent  with  the  enplrical  finding  that 

fims,  no  natter  how  large  they  becoM,  continue  to  grow. 

The  growth  process  proceeds  along  two  avenues.  Along  the 

first,  s firm  can  grow  intsmally  by  expanding  its  capital  stock  to 

support  increasing  sales  in  existing  product  lines  or  by  undertaking 

investnent  and  developing  new  product  lines,  i.e.,  by  diversifying. 

As  Galbraith  has  pointed  out,  the  large  nodera  corporation  can  spend 

tremendous  sums  on  advertising  in  order  to  foster  demand  for  its 
40 

products.  A flm  is  not  restricted  to  the  markets  in  which  it 
currently  operates  and  in  both  markets  for  new  products  and  markets 
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for  existing  products,  asrket  deasnd  — both  the  shspes  end  the  posi- 
tions of  the  demsnd  curves  feeing  the  fin  — can  be  Influenced  through 


advertising.  As  Marrls  has  pointed  out,  the  nodern  corporation  also 

expends  huge  suae  on  research  and  development  In  the  hopes  of  developing 

new  products  In  the  sale  of  each  of  which  It  can  exploit  a temporary 
41 

monopoly.  Through  Its  outlays  for  advertising  and  research  and 

development  the  fin  Is  able  to  promote  Its  own  growth  from  within. 

42 

Firms  also  grow  externally  by  taking  over  — l.e.,  by  purchasing 

43 

a controlling  Interest  In  — other  firms.  This  was  the  primary  vehicle 
for  corporate  growth  during  the  1960 's.  Between  1966  and  1970  con- 
glomerate mergers  were  responsible  for  the  disappearance  of  72  indus- 
trial firms  from  Fortune  magazine's  list  of  The  500  Largest  Industrial 

44  45 

Corporations  (hereafter  shortened  to  FORTUNE  500).  ' Through  a 

succession  of  mergers  some  companies  were  able  to  grow  at  phenomenal 

rates.  Getty  Oil,  which  had  previously  been  too  small  to  make  the 

FORTUNE  500,  took  over  Skelly  Oil  and  Tidewater  Oil  and  made  the  list 

In  1967  as  No.  79.  Through  a series  of  mergers  I.T.T.  rose  from  No. 
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28  In  1966  to  No.  8 In  19707  Indeed,  the  period  from  1954  to  1974  was 

one  of  sustained  growth  for  many  co^anles.  One  of  the  most  remarksble 

Is  Occidental  Petroleum,  which  experienced  en  average  annual  rate  of 

growth  of  sales  of  106  percent  — an  Increase  of  191  million  percent 

47 

over  the  two  decades.  Nearly  as  remarkable  Is  Beatrice  Foods,  which 
has  acquired  nearly  400  companies  over  the  past  quarter-century 

a... 

probably  more  than  any  other  company  In  the  FORTUNE  500  — and  has, 

largaly  due  to  these  acquisitions.  Increased  annual  sales  from  $200 
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million  to  $4.6  billion  over  this  period. 


Du*  to  ch*  congloMrat*  ncrger  aovMwnt  and  to  th*  Internal 

developaent  of  n«v  product*,  th*  Bodam  corporation  Is  not  only  large, 

but  it  Is  also  highly  diversified,  producing  htmdreds,  and  soaetlaas 

even  thousands,  of  different  products.  Beatrice  Foods,  for  exaaple, 

haa  established  397  Individual  profit  centers  that  are  responsible 
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for  the  production  and  sal*  of  8000  different  products.  Such  diver- 
sity can,  howevet,  have  disadvantages  as  well  as  advantages.  Con- 
trolling so  diverse  a coapany  requires  a highly  efficient  Internal 
organization  that  can  ensure  that  poor  coordination  does  not  dissipate 
the  gains  that  accrue  from  spreading  the  production  and  financial 
risks  over  sumy  product  lines. 

With  th*  exception  of  th*  work  of  Honaen  and  Downs  and  the 
laportant  contribution  of  Oliver  Wllllaaaon,  econoalsts  have  been  very 
slow  to  apply  organizational  theory  to  th*  theory  of  the  flm.^^ 
According  to  VllllasBon,  this  failure  Is  the  result  of  the  "coaaon 
tendency  to  Invoke  th*  standard  behair'.oral  assuaptlon  (profit  aaxlBl- 
zatlon)  without  regard  for  clrcuastances.”^^  Tet  flras  expend  large 

SUBS  In  an  effort  to  detenln*  how  th*  efficiency  of  their  Internal 
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operations  can  be  laproved.  In  addition,  over  th*  past  fifty  years 

large  flras  have  replaced  what  UllllaBSon  calls  dt*  unitary  fora  of 

organization  and  Its  highly  centralised  declslon-Bsklng  with  what  he 

calls  the  Bultldlvlslon  forB  and  Its  Bor*  decentralized  declslon- 
53 

Baking.  According  to  Wllllaason,  th*  aultldlvlslon  fon  of  organi- 
zation enables  these  large,  diversified  flras  to  achieve  greater 

54 

operating  efficiencies  than  would  be  attainable  tinder  th*  unitary  fora. 

Both  diversification  and  th*  rise  of  th*  aultldlvlslon  fora 
of  organisation  have  facilitated  rapid  and  continued  growth.  If  a flra 
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choa*  to  produc*  only  a aingla  output,  ita  ezpanalon  would  ba  llaltad 
by  tha  growth  of  warkat  demand  for  that  good  and  by  the  rataliatory 
actlona  of  ita  market  rlvala  ahould  it  try  to  expand  Ita  market  ahare. 
if  a firm  choae  to  maintain  a unitary  form  of  organization,  ita  growth 
would  be  limited  by  the  declalon-maklng  capacity  of  top  management. 

In  the  opinion  of  thla  writer,  Increaalng  dlveralflcatlon  and  the 
development  and  further  refinement  of  the  multldlvlalon  organizational 
atructure  are  crucial  aapecta  of  tha  proceaa  of  auatalned  growth.  It  la 
alao  the  opinion  of  thla  writer  that  the  formulation  of  models  of  the  firm 
that  reflect  the  Importance  of  the  firm's  internal  organization  — in  terw 
of  both  operating  efficiency  and  growth  — la  a direction  in  which  further 
research  could  fruitfully  proceed. 

3.  Corporate  Planning  under  Uncertainty 

The  top  management  of  the  typical  large  firm  spends  a signifi- 
cant portion  of  its  tlms  engaged  in  corporate  planning.  This  la  partly 
In  response  to  the  need  to  coordinate  the  activities  of  the  various 
operating  divisions  and  to  ensure  that  the  different  parts  of  the 
organization  act  In  a mannar  consistent  with  the  objectives  of  the 
whole.  But  the  need  for  effective  corporate  planning  can  be  attributed 
primarily  to  tha  existance  of  uncertainty.^^  Because  the  state  of  the 
environment  at  soma  future  point  In  time  cannot  be  known  with  certainty, 
the  firm  nuat  develop  a set  of  contingency  plans.  A firm  can  set 
various  targets,  for  example,  a target  level  of  profits  and  a target 
rate  of  growth  of  sales,  but  the  actual  level  of  profits  and  rate  of 
growth  of  sales  will  depend  on  the  state  of  the  environment  as  well  as 
on  the  operating  policy  of  the  firm.  In  establishing  Its  operating 
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policy  — the  prices  of  the  products  it  sells,  the  saounts  to  be  spent 
^ on  sdvertising  end  on  research  and  developamt,  and  so  on  — the  fin 

nnist  take  into  account  the  possible  future  states  of  the  environaent, 
the  relative  likelihood  of  each,  and  the  effectlveneas  of  each  of  the 
alternative  sets  of  operating  policies  in  teras  of  aeetlng  the  fira's 
objectives. 

The  uncertainty  a fira  faces  can  be  categorised  as  being  of 
two  types:  production  (or  business)  uncsrtainty,  which  is  associated 
with  the  production  and  Investasnt  decisions  of  the  fira,  and  financial 
uncertainty,  which  is  associated  aainly  with  the  financial  daciaions 
of  the  fira.  Both  types  of  uncertainty  and  the  relationahlp  between 
thea  are  discussed  at  greater  length  in  aection  1 of  chapter  two,  where 
they  are  treated  in  connection  with  Vickerslh  aodel  of  the  fira  and 
Arsac's  extension  of  that  aodel. For  the  purposes  of  this  discussion, 
it  is  ii^ortant  to  note  Jtist  that  there  are  uncertainties  (or  risks) 
associated  with  both  types  of  decisions. 

A second  aspect  of  the  fira's  financial  and  bualness  decisions 
that  is  explored  further  in  chapter  two  should  also  be  aentloned.  It 
concerns  the  issue  of  whether  the  fim's  financing  decisions  can  be 
separated  froa  its  invsstaent  decisions.  This  question  is  exaalned 
In  sections  I and  K of  chapter  two,  where  it  is  shown  that,  under 
certain  reatrlctive  condltlona,  the  fira's  financial  decisions  — i.e. 
its  decision  concerning  what  portion  of  profits  to  pay  out  as  dividends 
and  its  dacision  concerning  the  relative  proportiona  of  debt  and  equity 


to  have  in  its  canltal  structure  — can  he  aada  indeuendentlv  of  its 


uncertainty  these  decisions  are  not  separable.  Leland's  model  of  the 

firm  In  the  context  of  stock  market  equilibrium,  which  Is  presented 

in  section  K,  Illustrates  this  last  point. 

In  terms  of  modeling  the  behavior  of  the  firm  under  uncertainty, 

either  of  two  general  approaches  may  be  adopted.  One  approach  Is  to 

employ  a mean-variance  framework. An  example  of  a model  that  uses 
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this  approach  is  the  Lintner  model  discussed  in  section  J of  chapter 

two.  The  second  approach  — which  can  be  shown  to  be  Inclusive  of  the 

59 

first  — is  the  tlme-statc-preference  approach,  which  Is  discussed 
and  llluatrated  by  two  models  developed  by  Leland  In  section  K of 
chapter  two. 

4.  The  Constraints  on  the  firm 

In  the  foregoing  discussion  much  was  said  concerning  the  objec- 
tives of  the  firm  and  the  extent  to  which  the  firm's  objectives  reflect 
the  managers',  rather  than  the  owners',  objectives,  and  much  was  also 

said  concerning  the  complexities  that  are  due  to  the  existence  of 

•* 

uncertainty.  But  very  little  was  said  concerning  the  constraints  the 
modem  corporation  faces.  The  discussion  of  constraints  has  been  left 
until  now  because  there  Is  general  agreement  among  economists  and 
businessmen  as  to  the  nature  of  these  constraints,  whereas  the  nature 
of  the  firm's  objectives  Is  a subject  on  which  there  has  been,  and 
still  Is,  considerable  disagreement. 

In  spite  of  its  tremendous  economic  power,  the  modem  corpora- 
tion must  plan  and  carry  out  Its  activities  subject  to  the  following 
constraints: 
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- Th«  govcnaant  (soMtlMS  with  the  help  of  verlous  special 
Interest  groups  thet  suggest  new  leglslstlon)  estsbllshes  the  legel 
frsMwork  within  which  the  firm  Bust  operste.  It  protects  privets 
property  end  the  ssnctlty  of  contrects,  sets  the  alnlaiB  wage,  protects 
workers'  collective  bsrgelnlng  rights,  establishes  standards  of  product 
quality,  and  so  on.  By  lobbying  the  flra  can  work  through  the  poli- 
tical process,  and  In  so  doing.  It  can  exercise  Influence,  though  not 
control. 

~ The  stockholders  reelect  the  board  of  directors  each  year.^^ 

If  profits  are  Judged  by  shareholders  to  be  Inadequate,  or  If  the  flni 
•ngM*«  In  questionable  overseas  activities,  the  shareholders  could 
vote  the  current  directors  out  of  office  and  elect  new  directors  who 
would  see  to  It  that  the  firm's  behavior  Is  Bore  In  line  with  share- 
holders' Interests. When  share  ownership  Is  widely  dispersed,  how- 
ever, It  Is  very  expensive  and  very  tlBS-consuBlng  for  shareholders 
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to  organise  and  to  agree  on  a new  slate  of  directors.  Shareholder 

63 

reaction  Is  nornally  felt  only  when  the  situation  has  becoae  serious. 

In  addition,  low  profits  Bay  depress  the  stock  Bsrket  value  of  the 
fin's  shares  snd  thereby  Increase  the  threat  of  takeover.  This  threat 
Intensifies  If  the  lower  share  value  arouses  the  flm's  shareholders 
snd  If  other  firms  attribute  the  low  profits  and  low  share  value  to 
Ineffective  Banageaent  of  the  firm's  assets.  The  reason  why  top 
■nnagemsnt  Is  so  fearful  of  a takeover  Is  thet  the  acquiring  firm 
often  replaces  top  Banageasut  soon  after  the  takeover. It  Is  largely 
for  this  reason  thst  the  Bsnagerlal  models  of  the  firm  developed  by 
Bauaol,  Harris,  and  O.B.  VllllaBson  each  Impose  s constraint  either 
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on  nlnlma  total  profit  or  on  tha  ■inlniai  a took  narkat  valua  of  tha 
firm. 

- Anothar  aarloua  dangar  that  nay  arlaa  whan  proflta  ara  low  ia 
tha  Incraaaad  likallhood  that  tha  fl»  will  not  ba  abla  to  covar  Ita 
bond  intaraat  obllgatlona,  In  which  caaa  tha  fim'a  bond  craditora  ran 
ordar  that  tha  fira  ba  liquldatad.  Evan  if  bond  intaraat  can  ba 
covarad,  if  tha  aurplua  of  profits  ovar  bond  intaraat  obligations  ia 
it  aay  ba  vary  costly,  or  avan  iaposaibla,  for  tha  firm  to 
raisa  additional  financa  from  axtamal  sourcas. 

— Tha  currant  stata  of  tachnology,  aa  aafcodiad  in  tha  fim'a 
production  function,  liaits  tha  aaount  of  output  that  can  ba  obtainad 
fro«  any  givan  quantity  of  inputs.  Tha  fim  can  try  to  altar  tha  atata 
of  tachnology  by  spanding  funds  on  rasaarch  and  davalopaant,  but  it 
is  nomally  assuaad  that  such  spanding  is  subjact  to  dininishing  ratums 
(at  laaat  bayond  sons  point). ^ 

— Thara  ara  aarkat-iaposad  constraints.  Custoaars  can  rafusa  to 
purchasa  tha  fim'a  product  if  quality  is  Judgad  to  ba  poor  or  prica 
is  Judgad  to  ba  axcassiva  (or  both) . Vhila  tha  fim  can  inf luanca  tha 
stata  of  daaand  for  its  products  through  advartising,  it  is  nomally 
•••UB*d  that  such  axpsndlturss  am  subject  to  diadnishing  ratums. 
Morsovar,  tha  price  a fim  can  charge  for  each  of  its  products  is 
lialtsd  to  SOBS  extant  by  the  prices  charged  by  its  coapstitors.^^ 

If  the  fim  purchases  inputs  froa  another  large  fim  or  hires  workers 
thst  belong  to  large  powerful  unions,  then  the  ability  of  the  fim  to 
influence  the  cost  of  its  inputs  way  be  restricted. 

— The  rate  at  which  the  fim  can  grow  is  lisdtsd  by  the  need 
to  bring  now  ■snagem  into  the  ergaalsatlon  aad  by  the  adverse  effect 
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•xplalMd  in  the  following  Mnner.  Am  the  fin  seeke  the  eet  of  operating 
and  financial  policies  that  will  optiaise  its  perforunce  with  respect  to 
its  objective,  it  wust  ensure  that  all  the  constraints  are  satisfied. 

That  is,  the  constraints  dalinlt  the  set  of  feasible  policies  froa  which 
the  optlaal  policy  is  to  be  chosen. 

5.  Suaaary 

The  aanagers  of  aodern  large  diversified  corporations  possess  what 
aaounts  in  aany  cases  to  a considerable  degree  of  discretion  that  peralts 
then  to  pursue  their  own  objectives,  possibly  even  to  the  detrinent  of 
shareholders'  objectives.  Yet  each  fin's  aanagers  aust  always  be  alndful 
of  the  Units  of  their  power  and  of  what  lies  beyond  their  control. 

In  setting  corporate  policy,  the  aanagers  of  each  fin  aust  aAe 
difficult  policy  choices  under  uncertainty.  Top  nanageaant  aust  balance 
its  own  objectives  against  those  of  the  fin's  shareholders  nd  those  of 
nlddle  aanagers  and  other  groups  within  the  fin,  subject  to  a nultipllcity 
of  constraints  and  subject  also  to  the  coaplexlties  attributable  to  vnoertalnty. 

To  sake  the  necessary  policy  dioicas  under  these  conditions  requires 
c*reful  planning.  To  coordinate  the  activities  of  the  divserse  operating 
coaponants  of  the  corporation  and  to  guide  the  fin  toward  the  attalnasnt 
of  its  objectives  require  a dacentraUsed  form  of  organisation  that  still 
pa  nits  top  aanagaaent  to  enrclse  effective  control.  In  the  opinion  of 
this  writer,  if  econoaists  are  to  ba  successful  in  titeir  efforts  to  under- 
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stand  how  the  aodern  corporate  enterprise  behaves,  they  aust  first  construct 
■odals  that  incorporate  the  internal  planning  and  decision  processes  of 
these  firaa. 

1.  THE  lOU  OF  HgTHEMATICAL  NOOELS  U THE  THEOHY  OF  THE  FlIM 

Hhat  econoaists  call  the  theory  of  the  fin  la  actually  a coUection 

of  Bodala,  aach  of  idiich  purports  to  asplain  the  aconoaie  bahavior  of 
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buslDM*  flrw.  Th«  aodArn  rttvlsiona  to  th«  Choory  of  th«  fir*,  In 
particular*  attoi^>t  to  axplaln  tha  bahavlor  of  tha  larga  corporate 
entarprlaaa  that  doainata  tha  acono^jr.  Tha  purpoaa  of  thia  aactlon 
la  to  daacrlba  In  ganaral  taras  tha  uaa  of  aatheaatlcal  aodela  In  tha 
theory  of  tha  flra  and  to  Indicate  tha  aodellng  tachnlquaa  aoat  fre<|uantly 
aaployad. 

An  econoalc  aodal  la  a alapllflad  analytical  fraaework;  It  la  the 
rapraaencatlon  of,  aa  wall  aa  tha  aabodlaant  of,  an  econoalc  theory. 

While  there  la  no  Inherent  raaaon  why  econoalc  aodela  auat  be  aathe- 
aatlcal, It  la  the  approach  noraally  adopted,  and  the  use  of  aathe- 
aatlca  In  foraulatlng  econoalc  aodela  haa  becoae  Increasingly  sophis- 


ticated In  recant  years.  One  need  only  coapara  current  laauas  of  the 
Mjor  econoalc  journals  with  Issues  publlahad  five  or  tan  years  ago 
to  recognise  this  trend. 

One  of  the  branches  of  econoalc  theory  aoat  affected  by  the  Increas- 
ingly sophisticated  use  of  aatheaatlcs  li  the  theory  of  the  flra.  Both 

the  traditional  theory  and  the  aodem  revisions  aay  be  conveniently 

i 

I expreased  aa  aatheaatlcal  aodela,  and  once  expressed  In  this  fora, 

the  aodela  can  be  used  to  study  the  lapllcatlona  of  each  of  the 
alternative  theories  concerning  the  behavior  of  the  flra.  This  aathe- 
aatlcal approach  has  a nuaher  of  advantages.  The  use  of  aatheaatlcs 

1 

\ fscllltstes  a precise  and  aore  concise  stateaent  of  each  theory.  It 

requires  that  assuaptlons  be  aade  explicit  and  that  the  flm's  objec- 
tives and  tha  constraints  It  faces  be  specified  clearly.  It  also 

peralts  the  aodelar  to  draw  on  a variety  of  aatheaatlcal  tec^nlques, 
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r«cmt  years  the  dsvslopMat  of  new  aodals  has  often  bean  aceoapaniad 
by  the  use  of  aore  aophlstlcated  analytical  techniques  as  aconoalsts 
have  sought  to  capture  In  their  aodals  Intartaaporal  dependencies,  the 
Inpact  of  uncertainty,  and  the  Interrelationship  between  the  f Ira's 
financial  decisions  and  Its  operating  decisions.  The  discussion  In 
chapter  two,  which  parallels  the  evolution  of  the  theory  of  the  flm, 
Illustrates  this  tendency. 

1.  The  Static  Optlalsatlon  Problaa 

Models  of  the  flra  are  typically  axprassed  as  aatheaatlcal 
prograadng  probleas.  The  general  aatheaatlcal  prograaalng  problea 
Is: 

aaidalBa  f(x)  subject  to  x e R , (1) 

(*} 

where  x Is  a n-coapon«nt  vector  and  Q la  a sd>spaee  of  Euclidean  n-spaee 
called  the  feasible  region.  Additionally,  It  Is  usually  assuaed  that 
f Is  twice  continuously  differentiable  with  respect  to  all  of  Its 

arguasnts . 

Problea  (1)  Is  a static  optlalsatlon  problea.  The  solution 
to  (1)  la  the  vector  x e R for  whldi  f(i^)  ^ f(x)  bolds  for  all 
X e R.  The  asthod  of  Lagrange  aultlpllera  can  be  used  to  obtain  a 
characterisation  of  the  solution  to  (1)  provided  R la  defined  by  a 
set  of  equality  coaetralnts.  If  R la  dellalted,  by  a sat  of  constraints 
that  Includes  one  or  aore  Inequality  constraints,  then  the  asthod  of 
generalised  Lagrange  aultlpllera  (l.e.  the  application  of  tiie 
Tucker  necessary  conditions)  aust  ba  used  to  obtain  the  characterisation. 
Xf  f(x)  and  the  constraints  defining  R are  all  linear,  then  linear 
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prograaalns  can  ba  appllad,  althouib  thla  tachnlqua  la  ganarally  aore 
uaeful  whan  a nuMrlcal  aolution,  aa  oppoaad  Co  a charactarlsatlon,^^ 
la  daalrad.^^ 

Tha  obJacClva  function  f(s)  In  problaa  (1)  la  the  fin's 
objactlva  function;  It  raflacts  tha  goals  and  objectlvas  of  tiie  fin. 

Tha  objactlva  function  varlas  according  to  tdiaChar  tha  objactlva  of 
tha  fin  Is  to  naxlBlsa  ona  of  tha  following: 

*-  slsa  of  profits,  salas,  capital  stock,  or  staff 
— growth  of  profits,  salas,  or  capital  stock 
~ stock  urkat  valuation  of  the  fin 
urkat  share  (of  salas) 

~ total  cosipansatlon  of  top  azacutlvu, 
or  possibly  sou  other  variable  or  sou  function  of  the  above  variables. 
In  die  tradltloul  udals  of  the  fin,  idilch  are  discussed  In  sections 
B throu^  E of  chapter  two,  f(x)  Is  of  the  fon  ir(q)  , where  ir  Is 
total  profits  and  q la  the  rate  of  output.  VIhen  the  traditional 
udel  Is  udlfled  to  allow  for  uncertainty,  f(z)  becous  the  utheutl- 
cal  expectation  of  the  utility  function  of  (risk  averse)  shareholders.^^ 
A udel  possuslng  such  an  objective  function  Is  discussed  In  section 
K of  diapter  two.  Recognising  the  separation  of  ownership  froa  control 
In  udern  corporatlou,  uny  economists  have  suggmted  that  the  behavior 
of  thue  flru  Is  deteradned  by  the  objectives  of  the  fin's  unagers. 

In  which  cue  f(x)  becous  the  utility  function  of  uugers  and  x 
Is  the  set  of  arguunts  of  the  unagerlal  utility  function.  This 
trutunt  of  f(x)  Is  explond  ure  fully  In  section  6 of  diapter 
two. 
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Into  an  equLvalnnt  unconatralnad  problam 


by  appealing  to  the  Inpllclt  function  theorca 


alapllflcatlon  requires  that  information  concerning  the  nature  of  the 
aolution  information  that  is  provided  by  the  values  of  the  Lagrange 
multipliers  — be  sacrificed.  Thus  a model  oiay  be  expressible  in  more 
than  one  form,  althotigh  these  mathematically  equivalent  forms  may  not 
be  equivalent  in  terms  of  the  amount  of  useful  economic  information  that 
is  obtainable.  In  this  particular  case,  formulation  (3)  wotild  be 
preferred  to  foranilation  (2)  in  terms  of  coBq>utatlonal  simplicity, 
though  (2)  mi^t  be  preferred  to  (3)  in  terms  of  more  fully  characterizing 
the  economic  nature  of  the  solution  to  the  problem.  The  modeler  will 
select  the  formulation  that  best  balances  the  advantages  of  computational 
simplicity  and  the  Informational  requirements  of  the  economic  problem  at 
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compensate  for  this  by  adding  a variable  to  the  objective  function,  even 
though  this  procedure  does  not  necessarily  produce  an  equivalent  problem 
For  example,  a firm's  managers  msy  feel  constrained  by  the  need  to 


ilntain  good  employee  relations 


Rather  than  trying  to  formulate  this 


constraint  on  the  basis  of  soms  measure  of  employee  satisfaction,  such 


as  the  nuafeer  of  days  work  lost  dus  to  strikss,  and  having  to  specify 
some  minimum  nu^er  b to  go  into  the  constraint  g(x)  ^ b , it  might 


prove  easier  to  treat  the  state  of  eaployi 


days  work  lost  due  to  strikes  -*  os  on  srgtaent  of  the  aanagerlal  utility 
function  (i.e.  the  objective  function).  This  approach  was  adopted  by 
Karris,  who  suggested  two  possible  foms  for  the  valuation  constraint  in 
his  model. According  to  the  strong  form,  there  is  a market-determined 
minimum  valuation  ratio  below  which  the  firm's  valuation  ratio  cannot 
fall  without  the  firm  being  token  over.  According  to  the  weak- form  of 
the  constraint,  the  firm's  valuation  ratio  becomes  an  argument  of  the 
managerial  utility  function  (whereas  previously  under  the  strong  form 
managerial  utility  had  been  a function  of  the  firm's  growth  rate  only). 
As  discussed  in  section  G of  chapter  two,  incorporating  the  valuation 
ratio  in  the  managerial  utility  function  implicitly  involves  the 
assumptions  that  both  the  growth  rate  and  the  valuation  ratio  contribute 
directly  to  managerial  utility  and,  in  view  of  the  standard  differen- 
tiability assumptions,  that  a continuous  rate  of  trade  off  exists 
between  the  two  (at  least  over  some  range  of  growth  rates) . For  such 
a continuous  trade  off  to  exist  it  is  necessary  that  the  Lagrange 
multiplier  that  measures  the  trade  off  between  the  grcwth  rate  and  the 
mlnlmtm  valuation  ratio,  when  the  strong  form  of  the  constraint  is 
hypothesized,  be  a continuous  function  of  the  minimum  valuation  ratio. 

Most  of  the  models  of  the  firm  examined  in  chapter  two  have  been 
expressed  in  the  form  of  mathematical  progroaaing  problems.  The  models 
expressed  in  this  form  ere  of  two  general  types.  In  the  first  cose, 
the  model  involves  a single  time  period  within  which  a single  set  of 
simultaneous  decisions  concerning  prices,  input  levels,  output  levels, 
will  be  made.  Once  determined,  the  values  of  these  variables  remain 
fixed  for  the  duration  of  the  period.  The  models  discussed  in  sections 
B through  B of  chapter  two  ere  of  this  type.  In  the  second  cose,  the 
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■odel  Involvu  acre  ch«n  one  tlae  period,  but  decisions  are  made  In 
the  Initial  period  that  lock  the  firm  onto  a steady  state  growth  path 
In  which  all  quantities,  such  as  total  revenue,  total  assets,  the  stock 


market  value  of  the  firm,  etc.,  grow  at  the  same  conatant  rate  forever. 

Once  this  steady  state  growth  rate  has  been  determined,  the  values  of 
these  quantities  remain  In  fixed  relation  to  one  another  throughout 
subsequent  time  periods.  The  Harris  model  In  section  G and  the  Llntner 
model  In  section  J of  chapter  two  are  of  this  type.  In  each  case,  the 
nature  of  the  economic  model  makes  It  amenable  to  formulation  as  a 
mathematical  prograoanlng  problem. 

2.  The  Dynamic  Optimization  Problem 

The  mathematical  programming  problem  (1)  Is  a static  optimization 
problem.  Characterizing  Its  solution  Involves  the  determlnstlon  of  the 
optimal  values  of  the  decision  variables  for  an  economic  problem  that  Is 
stationary  either  with  respect  to  the  variables  themselves  or  with  respect 
to  the  relationships  among  the  variables  over  time.  Many  of  the  modem 
revisions  of  the  traditional  theory  of  the  firm  discussed  In  chapter  two 
are  multiperiod  models  In  which  the  relationships  smong  variables  such 
as  total  assets,  totsl  revenue,  and  total  profit  are  free  to  change 
over  tlme.^^  In  other  words,  the  firm  Is  not  asstaed  to  be  on  a steady 
state  growth  path.  In  such  models,  where  the  values  of  variables  such 
as  the  firm's  capital  stock  may  be  temporally  Interdependent,  the  model 
normally  cannot  be  expressed  adequately  as  a static  optimization  problem. 

For  exazq>le.  In  the  Arrow  model,  whldi  Is  discussed  In  section  L of  chapter 
two,  InvcstMnt  Is  Irreversible  In  the  sense  that  Imperfections  In  the 
market  for  capital  goods  makes  It  Impossible  for  the  firm  to  disgorge  unneeded 
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find  Msets  instantaiMonly.  Therefore,  the  current  inveetaent 

decision  mist  tske  Into  account  the  possibility  that  deaand  for  the 

fin's  products  aay  fall  sharply  several  periods  Into  the  future. 

While  the  fin  sd.ght,  on  the  basis  of  strong  current  denand,  want  to 

purchase  additional  find  assats,  the  prospect  of  sharply  falling 

deaand  and  Its  Inability  to  Instantaneously  adjust  Its  capital  stock 

when  that  happena  aay  cause  It  to  postpone  Its  Investaant  plans.  A 

nora  general  traataent  of  the  firm  In  a aultlparlod  context  that  allows 

for  factors  such  as  the  Irreversibility  of  investaent  requires  the  use 

of  a dynaalc  optlalsatlon  technique. 

In  building  aultlparlod  non-steady  state  aodels  of  the  fin, 

aost  econoalsts  have  chosen  to  express  their  aodels  as  optlaal  control 
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probleas.  The  general  optlaal  control  problaa  aay  be  written: 


— 

aaxlaln  J - / l(x(t)  ,u(t)  ,t)  dt 

{u(t))  t^ 

subject  tot 

dx.  _ _ 

(t)  - f^(s(t),u(t),t)  , 1-1,..., a 

{5(t)}  f U 

(x(t),t)  €8  at  t - tj 
tjj  and  *(t^)  ■ given  , 


(4) 


where  t denotes  tlaa,  which  is  aaasurad  In  continuous  units  over  the 
Interval  t < t < t,  ; s(t)  Is  a n-coaponant  vector  of  state 

O • — ' X 

varlAblas;  u(t)  Is  a a-coaponant  vector  of  control  variables; 
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U !•  thtt  act  of  all  adalsslbla  control  trajactorlas;  and 

la  cha  tcralnal  aurfaca.  In  worda,  the  vector  x(t)  diaracterizea  the 

atate  of  the  flni,aa  for  example,  the  alze  of  Ita  capital  atock,  at  each 

time  t . The  vector  u(t)  contalna  the  firm 'a  policy  varlablea,  aa 

for  exaa^le,  current  output,  current  outlaya  for  advertlalng,  and  the 

current  Inveatment  declalon.  Typically,  t^  > 0 , and.  If  there  la  a 
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finite  planning  period  of  length  T , t^  * T , while.  If  the  firm' a 
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tlma  horlaon  la  aaaumed  to  be  Infinite,  then  t^  la  replaced  by  • 

In  (4).  For  the  finite  horlaon  problem,  the  terminal  atate  of  the 

ayataa,  x(T)  , muat  aatlafy  the  equation  of  the  terminal  aurface,  S , 

aa  for  enable,  a required  terminal  capital  atock. 

There  exlat  the  following  three  approachea  to  aolvlng  problem 

(4):  the  calculua  of  varlatlona,  dynamic  prograamilng,  and  the  maximum 
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principle  of  Pontryagln.  The  analyala  of  the  Jorgenaon  model  In 
aubaectlon  1 of  aectlon  L In  chapter  two  demonatratea  the  application 
of  the  calculua  of  varlatlona.  The  other  modela  dlacuaaed  In  aectlon  L 
of  chapter  two  llluatrate  appllcatlona  of  Fontryagln'a  maximum  principle. 


The  objective  functional  J 


I(x(t),u(t),t)  dt 


In  problem  (4)  reflecta  the  objectlvea  of  the  firm.  Just  as  the 
objective  function  f(x)  In  problem  (1)  repreaenta  the  objectlvea  of 
tha  firm.  Alao  analogoua  to  problem  (1) , the  conatralnt  aet  In  (4) 
reflecta  the  conatralnta  the  firm  facea.  That  la,  problem  (4)  can  be 

viewed  aa  the  dynamic  analogue  to  problem  (1),  with  the  control  varlablea 

— — 82 
u(t)  in  (4)  playing  the  aama  role  aa  the  declalon  varlablea  x In  (1). 

The  dlffarenca  between  the  two  problema  Ilea  in  the  control  problam'a 

treatment  of  teaporal  Interdependenclea , which  are  captured  both  In 
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the  objectlv*  functloiul  and  in  tha  n flrat  ordar  dlffarantlal 
aquatlona  that  fora  part  of  tha  conatraint  aat. 

3.  Optlalsatlon  va.  Non-Op tinlsation 

Problaaa  (1)  and  (4)  ara  optialaation  problaaa.  Nodela  of  the 
flm  expraaaad  In  either  of  theae  foraa  aaauae  that  the  fin  eidilblts 
aoat  aort  of  naxlnlEing  behavior,  whether  it  be  the  nazlalaation  of 
profita,  the  naxiaiaation  of  the  atock  aarket  valua  of  the  fin,  the 
aaxiaicatlon  of  ita  rate  of  growth  or  of  aanagerlal  utility,  or  the 
aaziaization  of  aoae  other  quantity.  Such  aodela  have  been  criticized 
on  the  grounda  that  aodern  corporationa  are  bureaucratic  organizatlona 
in  which  the  Inforaatlon  required  to  aake  laportant  deciaiona  it  iaperfect 
and  in  which  aajor  deciaiona  arc  arrived  at  throu^  a bargaining  proceaa 
diat  Involvea  the  verioua  apecial  interaat  groupa  that  coapriae  the 
organization.  Aa  a reault,  buaineaa  firaa  do  not  ezhibit  optlaizing 
behavior,  but  rather,  aa  the  econoniata  of  the  behavioral  achool  of 
thought  argue,  they  eidiibit  a aatiaf icing  behavior  — alning  toward  a 
level  of  prof ita,  a rate  of  growth,  etc.,  that  are  aatiafactory  to  the 
coapetlng  intcreat  groupa. 

In  apite  of  the  arguaenta  of  the  behavloraliata , the  great 
■ajorlty  of  econonlata  conducting  reaearch  on  the  theory  of  the  fin 
prefer  to  work  with  optlaization  aodela.  Aa  a aore  careful  examination 
of  the  behavioral  aodela  that  are  diacuaaed  in  aection  H of  chapter  two 
will  bear  out,  theae  aodela  yield  very  little  in  the  way  of  aeanlngful 
predictiona  aa  to  how  the  fin  will  behave  in  reaponae  to  various 
axternal  atiauli  such  as  a change  in  the  corporete  tax  rate.  The 
behavloralists  hypothesize  the  fin's  use  of  rules  of  thuid>  for  such 
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•ctlvltiu  M prlc*>««ttlng  — Indcad,  ■•v«ral  bchavlorallst  atudle*  hav* 

provldad  stroot  aaplrlcal  aupport  for  such  bahavlor  — but  thaae  theories 

genarally  fall  to  axplaln  how  thesa  rulas  of  thuah  ara  detaralnad  or  why 
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thay  aay  changa  ovar  tins.  Of tan,  tha  bahavloral  modals  are  simply 

attempts  to  axplaln  spaclflc  pattams  of  obsarvad  behavior  (e.g.  how  a 

particular  department  store  establishes  Its  prices) , rather  than  attempts 

to  develop  a more  general  analytical  fraswwork  that  can  be  used  to 

predict  changes  In  bahavlor  (e.g.  how  tha  department  store's  mark-up 

will  changa  In  response  to  a change  In  Its  overhead) . As  regards  the 

objectives  of  the  firm,  the  bahavloral  modals  leave  essentially 

unanswered  the  question:  what  ara  satisfactory  values  for  total  profits, 

tha  rata  of  growth-  etc.?  While  the  behavioral  studies  have  lad  to 

Interesting  results,  tha  deficiencies  just  discussed  limit  tha  ability 
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of  these  modals  to  yield  useful  policy  implications. 

It  Is  the  opinion  of  this  writer  that  a modal  of  the  firm.  If  It 

Is  to  yield  meaningful  policy  Implications,  should  hypothesise  soma  form 

of  optimising  behavior.  The  problem  of  Imperfect  information  to  which 

the  behavlorallsts  refer  Is  a realistic  one,  but  the  impact  of  Imperfect 

Information  can  be  Incorporated  In  an  optimisation  model  that  allows  for 
85 

uncertainty.  For  example,  instead  of  attempting  to  maximise  utility, 
under  uncertainty  managers  aim  to  maximise  expected  utility  — where  tha 
group  whose  (expected) utility  Is  being  maximised  will  depend  on  whether 
the  model  Is  of  the  traditional  or  of  the  managerial  type.  Moreover, 
a comparison  of  the  certainty  and  the  uncertainty  versions  of  such  an 

optimisation  model  would  Indicate  the  Is^ct  of  uncertainty  on  the 
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behavior  of  the  firm. 


A*  indlcati^d  earlier  in  chla  chapter , It  la  thla  writer 'a 
opinion  that  the  objective  function  in  a model  of  the  firm  ahould  reflect 
both  traditional  and  aanacerial  aourcea  of  utility  and  that  the  model 
ahould  alao  reflect  the  importance  of  factora  internal  to  the  firm. 

The  development  of  auch  a model,  if  it  allowed  for  uncertainty,  could 
be  uaed  to  atudy  the  impact  of  uncertainty  on  the  firm*  a dec la ion-making 
proceaaea  and  on  Ita  reaulting  behavior.  Such  a model  could  have  the 
advantage  of  capturing  many  of  the  important  factora  that  influence  the 
behavior  of  the  firm,  aa  obaerved  by  the  behavlorallata,  while  retaining 
the  optimizing  quality  that  ia  ao  uaeful  analytically. 

4.  Characterizing  a Solution 

Thua  far  in  thla  aectlon,  the  dlacuaaion  haa  concentrated  on 
the  nature  of  the  modeling  techniquea  employed  in  the  theory  of  the 
firm,  and  very  little  haa  been  aald  concerning  the  aolutlon  of  the 
mathematical  programming  problem  (or  the  optimal  control  problem) , in 
which  form  the  model  waa  expreaaed.  In  thla  regard,  a careful  diatinc- 
tion  needa  to  be  drawn  between  the  'characterization'  of  a aolutlon  and 
the  'computation'  of  a aolutlon. 

In  chapter  two  varioua  modela  of  the  firm,  each  of  which  ia 
expreaaed  in  the  form  of  either  a matheoMtlcal  programadng  problem  or 
an  optimal  control  problem,  are  atudled  with  the  aid  of  the  atandard 
mathematical  techniquea  for  aolving  theae  problema.  In  each  caae,  one 
of  the  primary  objectivea  of  the  analyaia  ia  to  characterize  the  aolutlon 
to  a mathematical  programming  problem  (or  optimal  control  problem)  that 
la  repreaentative  of  a typical  firm  and  to  interpret  thla  aolution'a 
general  econoedc  Implicatlona,  rather  than  to  compute  the  optimal  value 
of  the  objective  function  in  a problem  that  la  apeciflc  to  a particular 
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firm.  Wldle  a mathematical  programming  problem  In  which  the  objective 
function  and  constraints  were  specific  to  a particular  firm  In  a 
particular  period  of  time  could  be  used  to  compute  specific  values  for 
the  decision  variables,  such  as  price,  output,  and  input  levels,  and 

from  these  the  resulting  values  of  total  revenue,  total  profit,  etc. 
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for  the  firm,  the  purpose  of  the  models  discussed  In  chapter  two  Is 
more  general.  Actual  numerical  values  are  not  Important  to  these 
modelers,  but  rather,  it  Is  how  the  firm  determines  these  optimal  values 
that  Is  their  primary  concern.  For  example.  In  the  traditional  models 
of  the  firm  It  Is  the  decision  rules,  such  as  the  swrglnal  revenue  equals 
marginal  cost  rule  for  profit  maximization,  that  characterize  the  optimal 
solution  to  the  mathematical  progranaalng  formulation  of  the  model  that 
are  the  end  toward  %rhlch  the  analysis  Is  directed.  A specific  numerical 
problem  and  Its  solution  might  also  be  of  interest,  but  generally  only 
as  an  Illustration. 


C.  DEFINITIONS 


In  the  introductory  discussions  of  the  modem  business  enterprise 


and  of  the  role  of  mathematical  modeling  In  the  theory  of  the  firm 
there  were  several  economic  terms,  such  as  capital,  profit,  and  risk, 
that  %fere  used  repeatedly.  These  terms,  many  of  which  have  specific 


economic  meanings  that  differ  from  their  meanings  in  other  forms  of 
usage,  are  used  throughout  the  paper.  The  purpose  of  this  section 


Is  to  give  each  of  these  laq>ortant  terms  a specific  economic  meaning. 
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1.  Finw,  Plants,  and  Industries 

Ths  subject  with  which  this  paper  deals  is  the  theory  of  the 

firm.  A is  a business  enterprise  that  purchases  econonlc  Inputs, 

such  as  land,  labor,  and  capital,  that  It  uses  to  produce  goods  and 

services  that  It  sells  to  consuaers,  other  flras,  and  the  govemaent, 

all  taking  place  under  the  direction  and  control  of  a single  aanageaent 
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group.  A fira  may  produce  a single  product,  as  often  assuaed  In  the 
traditional  aodels,  or  It  aay  produce  a range  of  products.  The  tera 
congloaerate  Is  often  applied  to  a flra  that  produces  a widely  varied 
set  of  products,  although  this  notion  Is  not  precise.  This  paper  Is 
concerned  with  a particular  subset  of  the  set  of  all  flras:  the  large 
multiproduct  corporation.  What  distinguishes  the  corporation  from  the 
other  two  fores  of  business  organization  — the  proprietorship  and  the 
partnership  — Is  that  the  corporation  Is  Itself  a legal  entity  that  can 
raise  Investaent  funds  by  selling  shares,  or  certificates  of  ownership. 
This  characteristic  bestows  upon  the  flra  certain  advantages  not  shared 
by  the  other  foras  of  business  organization.  In  this  paper  the  terms 
corporation,  corporate  enterprise,  business  enterprise,  and  firm  are 
used  Interchsngesbly. 

The  tern  flra  needs  to  be  clearly  distinguished  froa  the  terns 

ptcuit  and  induAt/iy.  The  forner  refers  to  the  nuaerous  different 

production  facilities  operated  by  a fira,  while  the  latter.  In  principle 

at  least,  refers  to  a set  of  flras  that  either  (1)  all  produce  the  saae 

product  or  (11)  all  use  a production  process  that  can  produce  the  saae 
90 

set  of  products.  For  exaig>le,  the  United  States  aerospace  Industry 
consists  of  aakers  of  allitary  aircraft  as  well  as  nakers  of  connerclal 
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aircraft  (and  soae  firms  that  currently  produce  both  types  of  aircraft), 

and  also  consists  of  builders  of  missiles  and  space  vehicles.  It  should 

be  noted,  however,  that  defining  an  Industry  may  involve  rather  difficult 

practical  problems  since.  In  practice,  it  often  proves  difficult  to 

delimit  products  and  production  processes  sharply.  For  this  reason 

several  different  classification  schemes  may  exist  for  an  Industry.  For 

example,  the  United  States  aerospace  industry  contains  the  United  States 
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military  airframe  Industry,  which  may  be  defined  to  include  those  firms 

that  work  as  prime  contractors  for  the  U.S.  government  and  produce  the 

technically  sophisticated  attack,  fighter,  bo*  ' ‘^r,  cargo  and  tanker 

aircraft  used  by  the  Department  of  Defense.  This  definition  excludes 

producers  of  missile  airframes,  helicopters,  and  commercial  aircraft 

that  do  not  also  produce  the  above-listed  military  aircraft,  though, 

under  a wider  definition,  one,  or  possibly  all,  of  these  might  be 
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Included.  How  broadly  one  defines  a product  and  the  boundaries  of 
the  Industry  associated  with  that  product  generally  depends  on  the 
nature  and  scope  of  the  study  requiring  the  definition. 


2.  The  Production  Function,  Capital,  and  Investment 

The  ability  of  the  firm  to  combine  Inputs  to  produce  goods  and 
services  Is  restricted  by  the  state  of  technology.  The  firm's 
pAoduction  function  is  a technological  relationship  between  the  various 
Inputs  It  purchases  and  the  various  outputs  It  produces  and  may  be 
expressed  mathematically  as 


F(q 
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wh«r«  th«r«  «r«  n product*  and  ataada  for  th*  output  of  product 

1 and  uhor*  thar*  ar*  ■ input*  and  Sj  rapraaanta  th*  aaount  uaad  of 

input  j . Th*  acononic  aignificanc*  of  tha  production  function  (5)  ia 

twofold:  (i)  at  any  point  in  tina  th*  atat*  of  tachnology,  and  hanc* 

th*  fim**  ability  to  coabin*  input*  to  fon  output*,  ia  conatrainad, 

but  (ii)  ovar  tia*  th*  fin  can  altar  th*  atat*  of  tachnology  by  incraaaing 

ita  axpanditur*  for  raaaarch  and  davalopaant  (and  tharaby  trading  off 
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praaant  profit  for  futur*  profit). 

On*  of  th*  arguaanta  of  th*  production  function  (S)  chat  ia  of 
particular  intaraat  to  acononiat*  la  th*  input  copcttU,  which  i*  th* 
atock  of  good*  Chat  ara  uaad  in  production  and  Chat  hav*  thaaaalvaa  baan 
producad.  Tha  tan  capital  haa  aavaral  nanlnga,  and  tha  notion  of 
capital  aa  a productiva  reaourc*  ia  alao  rafarrad  to  aa  pfioduCtA^i 
atpitat  to  dlatingulah  it  from  othar  form  of  capital.  Producar'a 
capital  conaiata  of  building*,  plant,  and  aquipnant,  which  ar*  rafarrad 
to  collactiwaly  aa  iixjtd.  capitaJit  and  Invantoria*  of  raw  mtariala, 
coaponanta,  and  aaal-finiabad  good*,  which  ar*  collactivaly  callad 
wo^UUng  capiXat.  In  tarm  of  the  production  function  (5),  whan  aconoaiata 
apaak  of  th*  input  capital  thay  alaoat  alway*  man  fixad  capital,  rathar 
than  th*  nor*  incluaiw*  producar**  capital.  Fixad  capital  i*  ainglad  out 
for  apacial  traatmnt  bacam*  of  it*  'fixity',  l.a.  bacaua*  th*  procaaa 
of  adding  to  a fin'a  atock  of  fixad  capital  ia  ralatlvaly  aor*  tin*- 
conaming  than  adding  to  ita  atock  of  working  capital,  to  its  labor 
forca,  or  to  ita  aupply  of  any  othar  'wariahl*  input'. 

Th*  concopta  of  fixad  capital  and  working  capital  rafar  to 
physical  goods,  or  what  ia  cowenly  callad  real  capital.  A distinction 


Thi«  distinction  will  bocoM  important 


i 
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money  (u^xjCal,  which  is  not. 

whan  tha  rola  of  financial  capital  in  tha  thaory  of  tha  firm  la 
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diacusaad  in  chaptar  two. 

Uhan  a firm  incraaaas  its  producar's  capital  by  exchanging  money 
capital  for  physical  goods  it  la  said  to  invest.  Inveitment  involves 
tha  purchase  of  additional  plant  and  equipment  and  tha  building  up  of 
inventories.  A portion  of  total  investment  is  Intended  to  replace  worn 
out  macdilnery  and  the  resMlnder  represents  net  tnveAtnent.  The  reduction 
in  the  firm's  capital  stock  through  wear  and  tear  is  called  depAe.<Uation, 
and  net  Inveatment,  which  represents  the  net  expansion  of  the  firm's 
productive  base,  is  equal  to  total  (or  gross)  investmsnt  minus 
depreciation. 

3.  Profit 

In  the  traditional  models  of  the  firm  the  goal  of  the  enterprise 

Is  to  naximlse  total  profit.  PAXJ^^ct  is  the  difference  between  the  total 

revenue  accruing  from  tha  sale  of  the  various  products  the  firm  produces 

and  the  total  cost  Incurred  in  producing  those  goods,  msasured  over  some 

specific  time  period.  It  is  important  to  distinguish  clearly  between  the 

99 

accounting  notiona  of  profit  and  the  economic  notions  of  profit.  The 
distinction  arisas  assentially  from  the  manner  in  which  accountants  and 
aconomista  defina  C06ti,  In  arriving  at  figures  for  Income  from 
operations,  pretax  income,  income  before  extraordinary  items,  or  net 
income,  sny  one  of  which  msy  be  loosely  referred  to  ss  profits,  the 
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sccountant  siibtrscts  money  outlays  and  depreciation  from  sales  revenue. 

In  contrast,  sn  economist  would  subtrset  the  opportunity  cost  the 
maximum  smount  the  input  would  earn  In  its  best  alternative  use  — of  each 
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would  otherwise  be  reported  profit,  which  would  in  that  case  either  be 
paid  out  as  dividends  or  else  added  to  retained  earnings,  will  be  used  by 
the  fin's  managers  to  pay  for  larger  staffs  or  to  finance  additional 
advertising  and  growth-promoting  research  and  development.  That  is, 
discretionary  profit  is  the  vehicle  by  which  managers  can  promote 
their  own  goals. 


In  this  paper  both  the  economic  definition  and  the  accounting 
definition  of  profit  are  important.  While  it  would  be  desirable  to 


work  with  the  economist's  definition  of  profit  exclusively,  since  it 
reflects  the  opportunity  cost  of  all  inputs,  it  is  the  accountant's 


definition  of  profit  that  is  reflected  in  the  annual  income  statements 


each  firm  furnishes  its  shareholders.  When  the  role  of  finance  is 


considered  in  section  1 of  chapter  two,  the  importance  of  the  accountant's 


definition  of  profit  will  become  clearer.  To  preview  that  discussion 
fluctuations  in  the  firm's  reported  profit  — and  in  particular,  fluc- 


tuations in  its  net  Income  — will  play  a major  role  in  determining  the 


stock  market  value  of  the  firm 


4.  Otllity 


In  contrast  to  the  traditional  models  of  the  firm  in  which 


the  goal  of  the  business  enterprise  is  to  maxlnlEe  total  profit,  in 
managerial  modela  the  goal  is  to  maximise  the  utitcty  of  the  firm's 
msnagers.  Hanagers  derive  utility,  or  satisfaction,  from  a nuid>er  of 


sources.  In  the  O.B.  Williamson  model  these  sources  Include  staff 


expenditure 


igsrial  emoluments,  and  discretionary  profit 


the  Harris  model  the  sources  of  utility  are  the  firm's  growth  rate 


and  Its  valuation  ratio. In  these  models  the  level  of  utility, 

U , la  expressed  In  fuctlonal  form  as 

U * 

where  la  the  quantity  of  the  1^^  source  of  utility  and  where 

> 0 for  all  1 . 

3qi 

There  are  two  Important  theoretical  laauea  connected  with 
utility  functions  that  should  be  noted.  The  first  concerns  the  non- 
measurablllty  of  utility.  Utility,  or  satisfaction.  Is  a sid>jectlve 
concept,  and  the  utility  Index  eBd>odled  In  (6)  Is  ordinal  rather  than 
cardinal.  In  contrast  to  traditional  economic  theory.  In  which  total 
utility  U and  marginal  utility  dD/9q^  each  were  given  a quantita- 
tive significance,  modem  ecoromlc  theory  does  not  assume  such  measur- 
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ability.  But  %fhlle  the  numerical  value  of  3U/3q^  Is  no  longer 
Important,  Its  sign  Is.  Tha  condition  3U/3q^  > 0 Impllas  that  the 
firm's  managers  never  become  satiated.  For  example,  for  the  Harris 
model's  utility  function,  this  nonsatlablllty  means  that,  no  matter 
how  fast  the  firm  la  growing,  faster  growth  will  always  Increase  the 
level  of  managerial  utility. 
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Tha  second  Important  Issue  concerns  revealed  preference. 

Provided  that  certain  'axioms  of  revealed  preference'  are  satisfied, 
the  existence  and  nature  of  the  managers'  map  — a collec- 

tion of  surfaces,  along  each  of  which  ull  coid>lnatlons 
yield  the  same  level  of  utlllty^^^  — can  be  Inferred  from  the  managers' 
policy  choices  (l.e.,  from  the  preferences  managers  reveal  as  they 
select  from  among  the  alternative  business  strategies).  Tha  significance 
of  this  result  la  that,  while  the  Harris  and  O.E.  Wllllamaon  models  are 


42 


relatively  ineensltive  to  these  particular  aeesures  of  else  end  the 
growth  rete. 

6.  Perfect  Cospetltlon,  Monopoly » Oligopoly,  end  Monopolistic 

Co^>etltlon 

The  f Ira's  freedoa  to  pursue  Its  own  objectives,  whether  that 
Involves  greater  profits,  fester  growth,  or  an  Increase  In  som  other 
quantity  that  contributes  to  nanagerlal  utility.  Is  constrained  by  the 
environment  within  which  the  flra  operates.  One  of  the  more  Influen- 
tial factors  Is  the  structure  of  the  Industries  to  which  the  flra 
belongs.  The  b^avlor  of  the  traditional  flra  under  different  Indus- 
trial structures  Is  discussed  In  sections  B through  E of  chapter  two. 
The  purpose  of  this  subsection  Is  merely  to  chsrscterlxs  the  rain  types 
of  Industrial  structure  Identified  In  the  economic  literature. 

Economists  Identify  four  types  of  Industrial  structure: 
perfect  competition,  monopoly,  oligopoly,  and  monopolistic  competition. 
Under  competition  all  firms  produce  a homogeneous  product  and 

each  flra  acts  as  a price- taker.  One  practical  explanation  for  this 
type  of  behavior  Is  that  there  are  so  many  firms,  and  every  flra  Is  so 
small  In  relation  to  the  else  of  the  market,  that  no  single  flra  Is 
capable  of  altering  the  market  price  through  Its  own  actions.  Under 
monopotif  the  flra  takes  the  market  demand  curve  for  the  product  as  the 
demand  curve  for  Its  output  and  determines  both  price  and  the  quantity 
of  output  In  light  of  market  demand  and  the  costs  of  production.  The 
practical  explanation  for  this  sort  of  behavior  Is  that  there  exists 
Just  one  producer. 

Under  oligopotif  there  Is  more  than  one  producer.  Each  has 
sons  Influence  over  urfcet  price  end  each  has  to  weigh  carefully  the 
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potential  raactlona  of  Ite  coapatltors  whan  it  changaa  ita  operating 
policiaa.  One  practical  interpretation  of  this  is  that  there  are  only 
a few  large  producers,  such  as  in  the  U.S.  automobile  industry,  who 
recognize  the  interdependence  of  their  actions. 

Under  monopotiitic  conpititLon  each  producer's  output  is 
slightly  differentiated  (either  in  its  physical  characteristics  or  in 
the  minds  of  consumers)  from  what  other  producera  in  the  industry  are 
selling.  In  addition,  each  producer  is  able  to  act  like  a snnopolist 
in  the  sale  of  its  own  product.  One  practical  explanation  of  this  is 

that  there  is  a very  large  number  of  producers  of  slightly  heterogeneous 

. 118 
goods. 

Empirical  studies  have  revealed  that  oligopoly  is  a prevalent 
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form  of  industrial  structure  in  the  U.S.  economy.  In  particular, 
the  U.S.  military  airframe  Industry,  which  was  referred  to  earlier 
In  this  chapter,  can  be  described  as  an  oligopoly. 


o 


7.  Uncertainty  and  Riak 

A second  quality  of  the  firm's  environment  with  which  it  must 

contend  is  uncertainty.  Some  economic  tueorists  distinguiah  between 

A/CAfe,  a situation  in  which  all  possible  outcomes  and  the  probability  of 

occurrence  aasociated  with  each  are  known,  and  unciAtcUnty , a situation 

in  which  the  possible  outcomes  or  the  probabilities  (or  both)  are 
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unknown.  In  what  follows  sudi  a distinction  will  not  be  employed. 

Following  Hirshleifer,  the  term  uncertainty  will  be  used  as  a synonym 
121 

for  risk.  That  is,  AiAfe  and  wnctAtcuinty  will  both  refer  to  a 

situation  in  which  the  possible  future  states  of  the  economic  environ- 
ment are  known  and  a probability  (possibly  subjective)  can  he  attached 

* 1.  122 
to  each. 
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In  an  uncartaln  world  tha  attltuda  of  aanagara  toward  rlak 


can  have  a significant  lapact  on  tha  flra's  bahavlor.  It  la  noraally 
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assuMd  that  nanagara  are  fU6k  avtUt.  Glvan  tha  cholca  batwaan  a 


fair  gawbla  — ona  In  which  tha  nathaMtlcal  axpactatlon  of  ratum  Juat 


aquals  Its  pries  — and  tha  axpactad  ratum  with  cartalnty,  tha  risk 


avarsa  Individual  will  taka  tha  cartaln  aaount 


Put  diffarantly,  a 


risk  avarsa  individual  will  daaand  aora  than  a fair  gaabla  bafora 


agraalng  to  play.  Tha  lapllcatlon  Is  that  a risk  avarsa  aanagar  wight 


ba  willing  to  sacrlflca  sows  of  his  axpactad  ratum  In  axchanga  for  a 


raductlon  In  risk 


Tha  concapt  of  risk  avarslon  can  ba  lllustratad  with  tha  aid  of 


a rlsk-axpactad  raturn  Indlffaranca  wap,  such  as  tha  ona  shown  In 


Flgura  I-l.  Each  curve,  called  an  Indlffaranca  curve,  shows  those 


rlsk-axpactad  ratum  coahlnatlons  that  yield  tha  saws  level  of  expected 


utility.  Expected  utility  Increases  In  tha  northwest  direction  dua  to 


decreasing  risk  or  Increasing  axpactad  ratum,  or  bodi.  Under  risk  avar- 


slon, tha  Indifference  curves  are  drawn  upward  sloping,  as  In  Flgura  I-l 


to  reflect  tha  fact  that  an  Incraaaa  In  risk  nacassitatas  an  Incraaaa  In 


tha  rlak  avarsa  Individual's  axpactad  ratum  In  order  to  leave  hlw 


equally  well-off 


expected 

return 


Figure  1-1  iDdiffarawca  Curves  under  Risk  Aversion 


For  th*  hypothatlcal  Banagsr  having  Indlffaranc*  curves  like 


those  shown  In  Figure  I-l,  the  rlsk-rctum  coid>lnetlon  would 


be  preferred  — In  the  sense  of  being  on  a higher  Indifference  curve 


over  the  coid>laetlon 


even  though  the  latter  Involves  a 


lower  expected  return  than  the  foraer.  If  sttalnable, 

say,  by  adopting  aore  'conservative*  operating  policies  or  by  using 


part  of  the  expected  returns  to  purchase  additional  Inforaatlon  and 


thereby  reduce  risk,  the  risk  averse  aanager  will  do  so.  What  this 


iaplles  for  aodals  of  the  flra  that  allow  for  uncertainty  Is  that  the 


objective  function  aust  be  foraulated  In  teras  of  expected  utility 


ixlalsatlon  (rather  than  In  teras  of  expected  returns  aaxlalcatlon) 


Another  useful  concept,  which  Is  Illustrated  In  Figure  I-l  and 


which  will  be  needed  In  the  discussion  of  the  Llntnar  aodel  In  section  J 


of  chapter  two.  Is  that  of  a ctfUnuvtif  t^wivaJtznt  KttuAn,  In  Figure  I-l 


Indifference  curve  and  therefore  yield  the  saae  level  of  expected 


utility.  Since  the  coeblnatlon  (0,y  ) la  riskless,  or  certain,  and 


since  It  Is  equivalent  to  teras  of  expected  utility.  It 

Is  called  the  certainty  equivalent  return  of  the  cosblnatlon 


Moreover,  (0,y-)  is  the  certainty  equivalent  return  for  each  of  the 


risk-expected  return  coablnatlons  that  lies  on  the  saae  Indifference 


A third  factor  affecting  the  flra's  choice  of  operating  policies 
Is  the  takeover  aechanlsa.  A takeavtA.  Is  said  to  occur  when  flra  X 


acquires  aore  than  50Z  of  the  equity  of  flra  T 


Flra  X la  called 


th«  acqiuAXM^  (or  aor*  colorfully,  th«  taktoveA.  AcUdeA)  and  firs  T 
la  caraad  Cha  OcquiAtd  ^iAm.  Sln^  and  Kuahn  diatin(ulah  batween  a 
takaovar.  In  which  tha  acqulrad  fira  bacoaaa  a part  of  (nomally  an 
oparatlng  divialcn  of)  tha  acquiring  flm,  and  a meAgeAg  in  which  tha 
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fima  X and  T aaalgaaata  to  fom  a naw  lagal  antity,  fin  Z . 

Thia  dlatinction  is  laportant  in  that  aargara  uaually  take  placa  undar 

tha  Butual  agreaaant  of  tha  partiaa  involvad,  oftan  for  financial 
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convanlanca,  wharaaa  takaovcra  ara  fraquantly  contaatad  affaira  that 
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raault  in  tha  diaalasal  of  tha  acquired  fin*  a aanagara. 

Tha  aconoalc  significance  of  takeovers  ia  twofold  in  nature. 

For  the  acquiring  fin,  takaovar  is  a aeans  of  rapid  growth  and  is  also 

a Mans  of  rapidly  diversifying  into  new  product  lines  and  thereby 

dinlnlshing  the  risk  associated  with  profit  fluctuations  that  occur 
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over  the  business  cycle.  For  the  acquired  fin,  takeover  carries 

with  it  the  danger  of  disalssal  of  the  fin's  Mnagers.  Therefore, 

according  to  Harris,  the  threat  of  involuntary  takeover  laposes  a 
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constraint  on  the  fin's  Mnagers'  policy  choices.  If  policies  ara 
adopted  that  lead  to  poor  perforMnce  — as  Judged  by  the  fin's  share- 
holders — then  the  fin's  shareholders  will  be  Mre  willing  to  sell 
their  shares  to  a takeover  raider.  Such  a constraint  plays  an 
important  role  in  each  of  the  Banagerial  Mdels  of  the  fin  discussed 
in  section  G of  chapter  two. 

9.  The  Business  Cycle 

A fourth  s<<,~ect  of  the  fin's  envlronMnt,  and  one  that  will  be 
discussed  in  connection  with  the  Arrow  aodel  presented  in  section  L, 
is  the  biUinUA  (or  tAodt)  cycJtl,  which  refers  to  the  aore  or  less 
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regular  ubcillatlons  In  the  level  of  aggregate  economic  activity  that 

occur  over  time.  While  the  judlcloua  uae  of  demand  punagement  policies 

in  the  western  Industrial  economies  appears  to  have  sharply  reduced  the 

possibility  of  a depression,  the  recent  pattern  of  econosdc  activity 

bears  witness  to  the  fact  that  the  possibility  of  recession  has  not 
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been  eliminated.  The  amplitude  of  the  fluctuations  has  been 

diminished,  though  not  all  the  way  to  zero. 

The  importance  of  the  business  cycle  as  It  affects  the  behavior 

of  the  firm  Is,  In  the  opinion  of  this  writer,  lost  In  static  theories. 

The  level  of  business  activity  — the  state  of  the  business  cycle  ~ is, 

homver,  one  of  the  fundamental  determinants  of  what  Harris  calls  the 
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'super-environment'  of  the  firm.  In  the  opinion  of  this  %rrlter,  the 
business  cycle  can  exert  a significant  Impact  on  the  behavior  of  the 
Individual  firm,  «nd  the  nature  of  this  Impact  Is  examined  In  chapters 
three  and  five  of  this  thesis. 


D.  HODELS  OF  THE  FIRM,  MODELS  OF  INDUSTRIAL  STRUCTURE,  MICRO-MACRO 
MODELS,  AND  GENERAL  EQUILIBRIUM  MODELS 


Models  of  the  firm  can  be  developed  for  any  one  of  a number  of  purposes. 
One  use,  which  Is  examined  In  chapter  two  of  this  paper,  is  the  study  of 
the  Individual  economic  unit  — the  firm  — In  Isolation.  Such  ondels  of 
the  Individual  firm  have  been  used  to  study  the  behavior  of  the  firm 
under  alternative  objectives  and  to  learn  how  that  behavior  changes  In 
response  to  external  stimuli  such  as  an  Increase  In  the  corporate  tax 
rate.  In  addition,  models  of  the  firm  can  be  Incorporated  In  models 
of  Industrial  structure  In  order  to  study  how  the  Interaction  of  firms 
affects  prices,  output  levels,  etc.;  In  micro-macro  models  In  order 


to  etudy  the  Interaction  between  declelons  at  the  microeconomic 


49 


govarnacnt  d«c«nlnM  Chc  allocation  of  Cha  nation 'a  raaourcea  and 
the  diatrlbutlon  of  national  IncoM.  Tha  first  la  tha  concarn  of 
modals  of  Industrial  atructura;  tha  second  la  tha  concam  of  alcro- 
■acro  modals;  and  tha  third  la  tha  concam  of  ganaral  aqulllbrlia 
modals. 

Traditionally,  aconomlats  hava  baan  mora  Intarastad  In  ax- 

plalnlng  how  tha  aconomlc  systam  functions  than  In  daacrlblng  how  tha 

Individual  firm  bahavas.  In  tha  traditional  theory , tha  modal  of  tha 

firm  la  daslgnad  to  explain  and  predict  changes  In  prices  In  the 
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market  place  rather  than  tha  behavior  of  real  firms.  Along  with 
tha  Increasing  awaranass  that  firms  are  no  longer  so  small,  so  numerous, 
and  so  competitive  — as  tha  traditional  theory  suggests  ~~  that  Indi- 
vidually their  Influence  on  tha  economy  Is  hardly  significant,  hava 
coma  Increasing  efforts  directed  toward  developing  a theory  that  can 
explain  tha  process  of  corporate  growth  and  diversification  described 
In  section  A.  In  short.  It  has  become  Increasingly  evident  to 
economists  that: 

the  analysis  of  a decentralised  economic 
system  will  depend  on  a specific  theory  of 
the  behavior  of  the  [productive]  units  to 
which  decisions  are  delegated.  In  other 
words  on  some  kind  of  theory  of  the  firm. 

This  heightened  Interest  In  the  firm  Is  due  not  only  to  the 
interesting  theoretical  questions  that  have  been  raised,  but  also  to 
the  Important  policy  Implications  that  answers  to  these  questions  are 
likely  to  provide.  Such  questions  Include  the  following: 

— What  effect  does  a motive  other  than  profit  maximisation  have 

.1- 

on  the  efficiency  with  which  resources  are  allocated  within 
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the  firm,  both  at  a point  In  time  and  over  time? 


- la  • contloaarata  batcar  abla  (and  if  ao,  la  it  alao  aora 

llkaly)  to  aehlava  a oora  afflclant  allocation  of  raaourcea 

than  a population  of  Indapandant  alngla-product  flma?^^^ 

— To  what  extant  la  the  large  dlvaralfled  corporation  better 

abla  than  analler,  laaa-dlvaralflcd  flraa  to  cope  with 
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uncertainty? 

Sudi  quaatlona  are  concerned  nalnly  with  the  efficiency  of  narketa 
Internal  to  the  fim  relative  to  narketa  external  to  It,  ea  for 
exaaple,  dlfferencea  In  efficiency  that  nay  be  laplled  by  the  differ- 
encea  In  tranaactlona  coata  - either  explicit  or  iapllclt  - In  theae 
two  aeta  of  narketa.  Anawera  to  the  above  queatlona  would,  to  the 
extent  that  they  nade  clearer  the  coata  and  beneflta  aaaoclated  with 
breaking  up  large  flma,  be  likely  to  have  Inportant  inpllcatlona  for 
the  future  courae  of  antitruat  policy. 

In  addition  to  policy  queatlona  that  could  be  anaweraed  directly, 
a wore  neanlngful  theory  of  the  fltn  would,  by  contributing  to  nodela 
of  Induatrlal  atructure,  alcro>nacro  nodela,  and  general  equlllbrlun 
nodela,  alao  halp  provlda  anawera  to  policy-ralatad  quaatlona  such 
aa  the  following: 

— VIhat  la  tha  link  between  the  Individual  flm'a  ability  to 
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aat  prlcea  and  the  overall  rata  of  Inflation? 

— What  la  the  link  between  the  growth  of  the  Individual  flm 
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and  the  growth  of  the  econoagr? 

The  renalndar  of  thla  aectlon  contalna  a aurvey  of  theae 
other  three  claaaea  of  nodela. 


2.  Hod«la  of  Industrial  Structura 


Modals  of  industrial  structura  fall  into  thraa  clasaaa: 

(i)  analytical  aodals  using  discrata  sisa,  (li)  analytical  nodels 
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using  continuous  siaa.  and  (ill)  siaulation  aodals.  Models  of 

ind\istrial  structura  arc  chiafly  concamad  with  tha  size  distribution 

of  firms  within  an  industry  and  with  explaining  and  predicting  changes 
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in  this  distribution.  In  particular,  aconoalsta  have  used  these 
aodels  to  help  explain  tha  process  of  increasing  Indtis trial  concentra- 
tion that  has  bean  observed  throughout  tha  postwar  period. Such 
aodals  are  of  interest  bacausa  of  tha  relationship  between  Industrial 
structure  and  tha  conduct  and  parforaanca  of  firms  belonging  to  that 
industry. 

Modals  of  industrial  structure  are  directly  concerned  with 

whole  industries.  They  arc  not  directly  concerned  with  the  behavior 

of  the  individual  flras  that  coag>rlsc  the  Industry,  and  as  a result, 

the  individual  firm  has  no  significant  role  to  play.  All  flras  in  an 

industry  are  considered  identical,  except  for  size.  These  aodels 

generally  are  also  stochastic.  Any  differences  that  exist  asiong  the 

flras  in  sn  industry,  say,  differences  in  the  quality  of  management, 

differences  in  policy  choices,  etc.,  end  the  effects  of  these  differences 

on  the  growth  of  the  flra,  sre  captured  within  the  randoa  character  of 

the  Mdcl.  As  discussed  below,  this  rendoaness  assuaption  requires,  et 

the  very  least,  thst  all  flras  within  the  seas  size  class  face  identical 

growth  opportunities.  This  siaplistic  treataent  of  the  individual  flra 
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is  oiM  of  tho  Mjor  VMknossM  of  thoso  Bodols. 


S3 
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«.  Mod«la  Using  Dlscrst*  Slse 

In  Bodcls  Ming  dlscreC*  sic*  the  grovth  pattern  of  flras 
in  an  Industry  is  modsled  ss  s finite  state  Harkov  chain.  The  population 
of  fins  is  divided  into  M site  cImsss.  For  convenience,  the  classes 
are  nomslly  arranged  in  ascending  order,  so  that  cIms  1 contains 
the  saallest  fins  and  class  M contains  the  largest  fim.  In 
addition,  there  is  a class  0 , the  purpose  of  which  is  to  allow  for 
births  (entry  of  new  fins  into  the  industry)  and  deaths  (exit  of  fins 
from  the  industry,  say  due  to  bankruptcy  or  takeover). 

Let  denote  the  slse  class  to  which  an  arbitrarily 

selected  fin  belongs  in  period  t . By  the  definition  of  a Markov  process, 
the  probability  of  a change  in  size  — l.e.  of  a movement  from  one  size 
class  to  any  other  size  class  in  the  future  is  conditional  on  the 
prMent  size  of  the  fin  only.  Additional  information  concerning  the 
earlier  pattern  of  the  fin’s  growth  can  not  alter  this  probability. 

In  syabols. 


-Jo)  - “^t) 


(7) 


where  J^^^ J^  are  integers  between  0 and  M inclusive. 

Equation  (7)  states  that  the  conditional  probability  that  the  fin  belongs 

t ■ 

to  dess  in  period  t4-l  , given  that  it  belonged  to  class  J^  in 

period  t , to  class  J^j^  in  period  t-1  , ...  , and  to  class  J^ 

in  period  0 , is  just  r>**  conditional  probability  that  the  fin  belongs 
to  class  J^j^  in  period  t^l  , given  that  it  belonged  to  class  J^  in 
period  t . If  the  conditional  probbbilitias  (7)  are  independent  of 
the  tine  variable  t , then  the  process  is  said  to  have  stationery 
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transition  probabllitlaa,  and  thaaa  axa  daflnad  by 
Plj  - -l]  , for  all  t 

The  transition  probabilities  are  arranged  in  a transition 
probability  natrlz,  denoted  by  P , in  Figure  1-2.  For  classes  1 to 
M the  diagonal  probabilities,  Pj^j^  , » Pj^  , give  the 

probability  that  the  fim  will  reoain  in  its  present  sire  class. 
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Figure  1-2  Transition  Probability  Matrix 


The  probabilities  above  the  diagonal,  p^^  , 0<1<J  , give  the 

probability  that  the  firm  will  grow,  i.e.  move  to  a higher  size  class, 
while  the  probabilities  below  the  diagonal,  p^^  , 1 > J > 0 , give 

the  probability  that  the  fira  will  decrease  in  else,  i.e.  fall  to  a 
lower  size  class.  The  zeroth  class,  which  can  be  interpreted  es  a pool 
containing  both  potential  aeifcera  of  tha  industry  and  firas  that  have 
failed  during  previous  periods,  is  not  a size  class.  The  transition 
probabilities  Pqj  , J > 0 , represent  the  probability  that  a new  fira 
will  enter  the  industry,  starting  out  in  class  j . The  transition 
probabilities  p^q  , J >0  , give  the  probability  that  a fim  in  class 
J will  leave  the  industry. 


5S 


f 


sine*  there  le  nothing.  In  theory  at  le«at,  that  prevents 

a flm  In  one  else  claaa  from  reaching  any  of  the  other  H-1  size 

classes  or  froa  falling  (l.e.  transitioning  to  the  seroth  class),  all 

states  of  the  Markov  chain  cooanjnlcate  and  the  chain  Is  said  to  be 
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Irreducible.  Since  the  chain  Is  finite  and  Irreducible,  all  states 
must  be  persistent  and  non-null.  If,  In  addition.  It  Is  assumed  that 
the  states  of  the  Markov  chain  are  aperiodic,  and  there  Is  certainly 
nothing  In  the  nature  of  the  growth  pattern  of  firms  that  would  lead 
one  to  think  otherwise,  then,  by  a well-known  result,  the  size 
distribution  of  firms  approaches  asymptotically  the  stationary 
probability  distribution 

IT  “ (®) 

satisfying  the  equations 

•ff  - ffP 

M 

I ’fl  - 1 
1-0 

where  P Is  the  transition  probability  matrix.  Moreover,  the  stationary 
distribution  (8)  la  Independent  of  the  Initial  size  distribution  of 
flma.  The  economic  Interpretation  of  ir  Is  the  following:  the 
growth  process  of  firms  In  the  Industry  eventually  reaches  a steady 
state  In  which  Is  the  proportion  of  firms  In  class  1 . In  steady 
state  firms  may  still  Increase  or  decrease  In  size,  but  entries  Into 
sad  exits  from  each  state  cancel  fnach  other  out. 


-J 
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Discrete  nodels  ere  of  two  types,  depending  on  whether 


the  law  of  proportionate  effect  Is  asstaned  to  hold.  The  law  of  pro- 


portionate effect,  which  was  Introduced  to  economics  by  61b rat,  states 


that  the  distribution  of  growth  rates  facing  each  firm  Is  independent 


According  to  this  law,  a firm  having  sales  of 


$1  million  has  the  same  probability  of  growing  by  g percent  as  a firm 


that  has  sales  of  $1  billion.  In  terms  of  the  transition  probability 


when  the  size  classes  1 


M are  defined 


so  that  firm  size  increases  in  a geometric  progression  as  firms  move 


from  lower  classes  to  higher  classes,  the  law  of  proportionate  effect 


E*lwell  randomly  selected  290  U.S.  manufacturing  corpora- 


tions that  existed  continuously  from  1961  to  1967  from  among  the  2837 


firms  quoted  In  Moody’s  Hanual  of  Industrials.  He  found  that  firms 


In  all  size  groups  have  the  same  mean  proportionate  growth  rate,  which 


Is  In  agreement  with  the  findings  of  earlier  studies 


also  found  that  the  variance  of  the  growth  rate  was  not  the  same  for 


all  else  classes,  which  Is  also  consistent  with  earlier  findings 


Host  studies  Indlcsts  that  the  variance  decreases  with  size;  that  Is 


dM  firm  increases  In  size.  Its  growth  pattern  becomes  more 


ir  eorreleClon  and  rank  correlation  studies  Indicate 


rsZe-  are  serially  correlated  — growth  tends  to 


In  which  the  lew  of  proportionate  effect  holds  and  In  which  some 
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serial  correlation  Is  permitted.  When  the  model  was  tested  In  a 

simulation  study.  It  was  found  that  it  produced  size  distributions 

that  closely  fitted  real  world  grouped  else  data.  Nevertheless,  the 

empirical  reaulta  concerning  the  varfences  of  the  growth  rates  for 

different  size  classes  have  brought  Into  serious  question  the  validity 

of  the  law  of  proportionate  effect. 

A model  that  assumes  the  law  of  proportionate  effect  is 
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valid  has  been  proposed  by  Simon  and  Bonlnl.  The  model,  which  also 
assumes  that  new  firms  enter  the  Industry  through  the  lowest  size 
class  at  a constant  rate.  Is  a continuation  of  earlier  work  by  Simon, 

In  which  it  was  shown  that  under  the  two  assumptions  just  stated,  the 
growth  process  approaches  a steady  state. In  steady  state  the  size 
distribution  of  firms  can  be  approximated  by  the  Yule  distribution, 
and  If  the  finas  are  large,  it  can  also  be  approximated  by  the  Pareto 
distribution. Simon  and  Bonlnl  tested  their  model  against  data 
on  the  500  largest  Industrial  firms  In  the  United  Stetes  In  1955.  Their 
results  support  the  validity  of  the  law  of  proportionate  effect,  al- 
though they  were  hesitant  to  draw  any  conclusions  concerning  the 
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goodness  of  fit  of  the  Pareto  distribution.  Engwall  used  the  same 

data  and  concluded  that  the  Pareto  distribution  fit  the  data  only  if 
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finM  with  salas  In  excess  of  $398  million  were  Included  In  the  sample. 

Stelndl  has  reported  similar  findings:  the  Pareto  distribution  Is 
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valid  only  for  the  largest  firms.  Qtiandt  tested  the  goodness  of 
fit  of  the  Pareto  distribution  to  data  on  the  500  largest  Industrial 
firms  In  the  United  States  In  1955  and  1960.^^^  He  found  that  the 


Pareto  distribution  fit  the  aggregated  data  reasonably  well,  but  that 
when  the  500  largest  firms  were  divided  by  SIC  code  Into  thirty  Indus- 
tries, the  Pareto  distribution  fit  the  size  distributions  of  firms 
within  Industries  very  poorly.  A possible  explanation  for  this  has 
been  offered  by  Stelndl,  who  argues  that.  If  the  number  of  firms  with 
sales  above  the  cut-off  ($398  million)  Is  too  small,  then  the  fit  of 
the  Pareto  distribution  will  be  unacceptable . 

One  of  the  reasons  the  above  studies  have  produced  mixed 
results  Is  the  fact  that  the  steady  state  distribution  holds  only  In 
the  limit.  The  observed  distribution  at  any  point  In  time  would,  at 
best,  only  approximate  the  Pareto  distribution.  For  industries  that 
were  expanding  rapidly,  say  as  the  result  of  technical  progress  that 
led  to  new  uses  for  or  new  variations  of  the  Industry’s  basic  products, 
the  approximation  might  be  rather  poor,  even  If  only  the  largest 
firms  were  Included  In  the  sample.  For  this  reason.  It  is  the  author's 
opinion  that  studies  should  consider  how  the  Industry's  structure 
evolves  over  time.  The  model  discussed  next  Is  designed  to  accomplish 
this. 

A model  more  general  than  the  one  Just  discussed  has  been 
developed  by  Adelman.  Her  model  does  not  require  that  the  law  of 
proportionate  effect  hold.^^^  Adelman  estimated  the  transition  proba- 
bilities for  the  United  States  steel  Industry  for  the  years  1929-39 
and  1945-56.  Only  steel  producers  having  assets  exceeding  one  million 
dollars  were  considered,  and  these  firms  were  divided  Into  six  sise 
classes,  with  a zeroth  class  added  to  allow  for  births  and  deaths. 
Adelman' s estimated  transition  probability  matrix  Is  given  In  Figure 
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Figure  1-3  Transition  Probability  Matrix  for  U.S. 

Steel  Industry,  1929-39  and  1945-56 

Froa  Figure  1-3  It  can  be  seen  that 

(I)  The  probability  of  reaalnlng  In  the  sane  class  is  many  tines 
greater  than  the  probability  of  leaving  the  class,  and  for 
all  classes  but  one,  this  probability  of  remaining  exceeds 
.9  . 

(II)  The  probability  of  Jumping  nore  than  one  class  Is  either  aero 
or  very  near  zero. 

(III)  The  probability  of  growth  Is  slightly  greater  than  the 
probability  of  decline. 

Similar  results  have  been  reported  by  Engwall  and  by  Archer  and 
McGuire.^*’ 

From  the  transition  probability  matrix  In  Figure  1-3 
Adelnan  obtained  the  following  stationary  probability  distribution 
for  firms  In  the  U.S.  steel  Industry 

It  - (0.948,  0.00938,  0.01169,  0.00376,  0.00903,  0.00708,  0.01091)  . 


I 


c 


This  distribution  Includes  the  zeroth  class.  It  is  more  meaningful  to 
consider  the  relative  distribution  of  firms  in  classes  1 through  6 — 


those  firms  that  are  active  in  the  Industry.  This  can  be  accomplished 

6 

by  normalizing  the  results  so  that  ^ ir  ■ 1 . The  equilibrium 

!•! 

size  distribution  of  these  firms  is  shown  in  Table  1-1.  Adelman 

showed  that  this  equilibrium  distribution  is  independent  of  the  number 
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of  firms  in  the  zeroth  class. 


Table  I-l  Equilibrium  Size  Distribution  of  Firms 
in  the  U.S.  Steel  Industry 

1929  1956  Equilibrium 


size  class 

Z firms 

Z assets 

Z firms 

Z assets 

Z firms 

Z asseta 

1 

25.00 

1.15 

27.68 

0.98 

18.09 

0.11 

2 

43.47 

8.64 

39.29 

6.79 

22.55 

0.68 

3 

16.30 

9.49 

8.93 

4.36 

7.25 

0.61 

4 

11.96 

24.70 

16.96 

21.90 

17.42 

3.92 

5 

1.09 

5.42 

5.36 

26.86 

13.65 

12.54 

6 

2.18 

50.60 

1.79 

39.11 

21.04 

82.14 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

Source:  AdalsMn,  op.  cit..  p.  901. 

Table  I-l  indicates  that  considerable  growth  in  the  median  size  firm 
is  to  be  expected^  on  the  basis  of  this  modal  at  least.  In  both  1929 
end  1956  the  median  site  firm  belonged  to  the  second  size  class,  but 
in  aqulllbrltni  the  madian  size  firm  will  belong  to  the  fourth  class. 
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The  data  In  Table  I-l  also  indicate  that  a lessening  in 


the  degree  of  concentration  In  the  U.S.  steel  Industry  Is  to  be 


expected.  In  1929  roughly  15  percent  of  the  steel  firms  controlled 


nearly  81  percent  of  the  Industry's  assets.  By  Interpolation,  in  1956 


the  top  15  percent  controlled  roughly  75  percent  of  the  assets,  while 


in  equilibrium  the  top  15  percent  of  the  steel  firms  would  control 
only  about  60  percent  of  the  industry's  assets. 


Adelman  also  used  the  steel  industry  data  to  construct  an 


index  of  industrial  mobility  based  on  the  index  of  social  mobility 


The  index  measures  industrial  mobility  as  the 


devised  by  Prais 


ratio  of  the  average  number  of  years  spent  in  a size  class  in  a per- 


fectly mobile  Industry  — one  in  which  p.  is  Independent  of  1 


to  the  average  number  of  years  a firm  in  any  size  class  in  the  industry 


and  year  in  question  could  expect  to  remain  in  that  size  class 


Her  conclusion  was  that  the  mobility  of  firms  in  the  steel  Industry 


would  decline  as  the  Industry  moves  toward  the  steady  state 


Adelman' s model  represents  an  improvement  over  the  discrete 


models  discussed  earlier  in  this  subsection.  Unlike  those  models 


Adelman' s model  considers  the  evolution  of  industrial  structure  over 


rather  than  just  the  equilibrium  size  distribution  toward 


which  current  size  distributions  appear  to  be  converging.  Her  model 


is  general  enough  to  be  applied  to  other  industries  to  determine 


trends  in  industrial  structure  or  to  be  reapplied  to  more  recent  data 


for  the  U.S.  steel  Industry  to  test  iirtiether  the  trend  in  its  structure 


has  altered.  However,  like  the  aodela  conaldered  earlier,  the  role  of 
the  individual  fin  haa  been  aubsuaed  in  the  random  character  of  the 
model. 

b.  Modela  Uaing  Continuoua  Sice^^^ 

The  diacuosion  of  Adelman'a  model  in  the  previoua  aubaection 
pointed  out  the  major  applicationa  of  the  diacrete  modela,  namely,  firat, 
to  atudy  trenda  in  induatrial  concentration  and  in  induatrial  mobility 
aa  firma  in  an  induatry  grew,  and  aecond,  to  identify  the  atationary 
probability  diatribution  toward  which  the  aiae  diatribution  at  any 
point  in  time  ia  moving.  Continuoua  modela,  which  arc  diacuased  in 
thia  atd>aection,  are  applied  aimilarly  to  the  atudy  of  real  world 
induatriea. 

Gibrak  formulated  a continuoua  model  of  induatrial  atructure 
baaed  on  the  following  two  aaaumptiona:  (i)  the  law  of  proportionate 
effect  ia  valid  and  (ii)  tha  nuafccr  of  firma  ia  conatant.^^^  Undar 
theae  aaaumptiona  the  aiae  diatribution  of  firma  ia  aaymptotlcally 
lognormal.  To  aee  why  thia  ahould  be  ao,  note  firat  that  the  change 
in  a firm'a  alee  from  one  period  to  the  next  can  be  written  aa 


where  ia  the  aiae  of  the  firm  in  period  t and  g^  ia  tha 
percentage  increaae  in  the  aiae  of  the  firm  between  perioda  t-1  and  t . 
Then 
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which  iMds  rwcttrslwwly  to  tho  wsproaslon 


Sj  - Sq  (l  + tjXl  + ij)  •••  (1  + fj)  . (9) 

If  tho  porcontato  incroaoo  la  aaall,  than  ^ log  (1-^g^)  • so 

that  taking  tha  logarltha  of  both  aldaa  of  (9)  loads  to  Cha  approxlBsCloa 

log  - log  Sq  ♦ gj  gj  g^  . 

Froa  tha  (strong  varslon  of)  tha  Issr  of  proportlonata  offset,  tha  rondos 

varlablas  g^  ara  Indapandant  and  Idantleally  dlstrlbutad.  Than,  by 

tha  cantral  Halt  thaoroa,  log  Is  asyaptotlcally  noraally  dlstrlbutad 

with  assn  t«g  and  varlanca  t«a^  , whara  g Is  tha  aaan  and  la 

tha  warlanea  of  tha  distribution  of  g . Thus,  tha  also  distribution  of 

flms  will  ba  approxlnataly  lognomal  for  largo  t . 

Tha  asyaptotlc  lognomallty  of  tha  also  distribution  of 

flms  la  dapondant  on  assunptlons  (1)  and  (11).  taaaons  for  doubting 

tha  validity  of  tha  law  of  proportlonata  offset  wars  cltad  In  tha  pro- 

vlous  subsection,  gf  ragards  tha  saeond  aaaunptlon,  a largo  tumowar 

of  flms  tends  to  disrupt  tha  Halting  procass,  particularly  whan  largo 

nuAars  of  snail  flms  antar  tha  Industry  sad  largo  nuabars  of  largo 

flms  laava  tha  Industry.^'”  Tha  lass  valid  ara  tha  two  saavaptlona 

for  a particular  Industry,  tha  furthar  that  Industry's  also  distribution 
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of  flma  Is  llkaly  to  davlata  fron  lognomallty.  In  spits  of  thasa 

objactlona  to  tha  nodal.  Hart  and  Praia,  Slaon  and  Bonlnl,  and  Engwall 

prasant  anplrlcal  avldanca  that  also  distributions  of  flms  In  various 
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Indus  trios  and  In  various  countrlas  ara  approxlaatoly  lognomal. 


f 


laprall's  rMults  arc  particularly  oocaworthy  bacausa  part  of  hla 
study  la  dauetad  to  aoclalist  countrlas.  Tha  avldanca  of  lognoraal 
slsa  diatrlbutloos  of  flras  in  thcMa  countrlaa  lapllaa  that  tha  obsarvad 
stochastic  growth  process  is  not  axclusivaly  a capitalist  phanaasnon. 

Ona  consaquaaca  of  tha  stodtastic  growth  procaas  dascrlbad 
by  Glbrat  is  that  concantratlon  will  tsnd  to  incraasa  owar  tins.  Largs 
firaa  haws  tha  saaa  probability  as  snail  firas  of  growing  at  any 
particular  rata»  and  as  a result,  tha  logarithnic  warlanca,  t«o  , 
iacraasaa  without  bound  as  t Incranaas.  If  tha  stochastic  process  is 
a raaaondbla  description  of  tha  actual  growth  process  of  fima,  and  tha 
anpirical  awidanca  just  cited  would  suggaat  that  it  is,  than  it  should 
be  anpactad  that  industrial  concentration  would  incraasa.  Thia  too  is 
consistent  with  tha  findlnga  of  aawaral  studiaa.^*^ 

k nodal  that  does  not  raquirs  tha  logarithnic  variance  to 
incraaaa  steadily  with  tins  has  bean  devised  by  Mart  and  Praia. 
la  thalr  nodal  tha  logarithnic  variancaa  in  two  succassiva  periods  are 
related  according  to  the  asuatlon^*^ 


I ! 

I I 
i I 


°t4l  - 8 *0^  ♦ O, 


(10) 


where 


Oj  « var[log  (8^)1 


$ ■ ragrassion  coefficient 


o.  • residual  varianca. 

e 


If  0 , tha  astlnator  for  0 , is  lass  than  ona  and  a*  is  snail, 
than  tha  varianca  will  tend  to  dacraasa,  l.a.  tha  sisa  distribution  of 

A 

fims  will  ragraas  toward  tha  naan.  If  0*1,  growth  is  puraly 


6S 


I'! 


I 


1^ 


•tochastic  and  tha  validity  of  the  law  of  proportionata  affact  cannot 

A 

ba  raj acted.  If  3 > 1 • than  large  firaa  grow  proportionately 

faster  and  concentration  will  Increase  faster  than  predicted  by  Gibrat's 

•odel. 

In  proposing  their  aodel,  Hart  and  Praia  suggest  that  the 

sise  distribution  of  firas  tends  to  regress  toward  the  mean  as  fins 

atteaq>t  to  achieve  sotse  optiaua  sise  (deterained.  say,  by  financial 

factors) . This  iaplies  that  0 < 1 . Their  aodel  has  been  criticized 

on  two  grounds.  Their  assuaption  that  there  exists  an  optiaua  size 

requires  that  firas*  long  run  average  total  coat  curves  be  U-shaped, 

which  aakea  their  aodel  incoapetible  with  Bain's  findings  that  firas* 
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average  cost  curves  are  L-shaped.  Second,  Eatwell  suMarisas 

evidence  provided  by  a nuabar  of  aaplrical  studies  that  iaplies  that 

^ 185 

there  has  been  a recent  tendency  for  0 > 1 . This  also  suggests 
thst  the  law  of  proportionate  effect  is  invalid,  although  as  Eatwell 
points  out,  this  is  not  necessarily  true  for  all  industriaa.  For  the 
five  recent  (running  up  to  1960)  studies  cited  by  Eatwell,  in  one  case 

A 

0 was  significantly  less  than  ona  and  in  three  cases  it  was  significantly 
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greater  than  one. 

Thus,  on  the  basis  of  the  evidence  eccuaulated  thus  far, 
there  does  not  appear  to  be  such  support  for  Hart's  and  Praia's  nodal. 
There  does  appear  to  be  support  for  Gibrat's  nodel,  although 
thera  are  several  studies,  including  Eatwell* s,  that  indicata  that  the 
Isn  of  proportionate  effect  does  not  hold  universally.  Possibly  a 
sonewhat  nora  general  nodel,  one  that  allows  for  sons  aerial  correlation 
in  the  growth  rates  of  fims,  is  needed.  Models  that  pemlt  this,  and 
in  particular  the  nodel  of  Ijiri  and  Sinon,  ara  tha  subjact  of  the  next 
subsection. 
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c.  simulation  Modals 
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The  two  previous  sabsectlons  described  analytical  models  of 
Industrial  structure.  In  those  models  all  firms  were  treated  identically 
and  the  stochastic  processes  were  assumed  to  be  stationary.  The  growth 
process  of  each  firm  In  an  industry,  regardless  of  the  firm's  size,  the 
quality  of  Its  management.  Its  previous  pattern  of  growth,  or  any  other 
distinguishing  features,  was  ejq>lalned  by  the  same  stochastic  process. 
Horeover,  the  nature  of  the  process,  ss  eafcodlad  In  the  transition 
probability  matrix  or  the  distribution  of  the  growth  rate,  remained 
time  Invariant.  Such  models  are  of  considerable  value  In  showing  that 
Industrial  concentration  can  Increase  steadily  throu^  the  operation  of 
a chance  mechanism  — without  concerted  efforts  by  producers  either  to 
take  over  their  rivals  or  to  drive  them  from  the  Industry.  The 
empirical  validation  of  such  models  also  lends  support  to  Bain’s  findings 
that  there  Is  no  optimum  size  of  the  firm.  But  the  models'  Implication 
that  growth  proceeds  by  historical  accident  Independent  of  the  financial 
and  productive  characteristics  of  the  Individual  firm  and  Independent  of 
the  Influence  of  the  firm's  managers  is  difficult  for  many  economists 
to  accept.  Difficulties  In  obtaining  meaningful  results  from  analytical 
models  are  often  encountered,  however,  when  the  models  are  designed  so 
ss  to  treat  the  Individual  firm  In  what  the  modeler  regards  as  a 
'realistic'  fashion,  for  this  rsason  sevsral  economists  have  turned 
to  simulation. 

Simulation  makes  It  possible  to  relax  the  restrictive 
assumptions  required  In  analytical  modeling.  For  example.  It  Is  no 
longer  necessary  to  assums  that  the  law  of  proportionate  effect  Is 
valid.  In  a simulation  model  the  growth  process  of  firms  Is  determined 
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by  the  set  of  rules  written  into  the  coaputer  progren  that  governs 

the  siBulatlon.  The  mechanism  that  determines  the  else  of  the  firm 

in  any  period  can  be  designed  to  take  Into  account  (1)  the  firm's 

growth  history,  e.g.  by  permitting  firms  that  experience  above-average 

growth  In  one  period  to  enjoy  above-average  growth  probabilities  the 
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following  period;  (11)  special  characteristics  of  the  firm,  such  as 
its  propensity  to  conduct  research  and  development  or  the  expertise 
of  Its  management;  (111)  variations  In  the  rate  at  which  firms  enter 
the  Industry  and  In  the  rate  at  which  firms  leave  the  Industry  (the 
latter  as  a result,  say,  of  a decreasing  risk  of  failure  as  the  firm 
becomes  older) , both  of  which  cause  the  nunber  of  firms  to  vary  over 
time;  and  (Iv)  a growth  mechanism  that  Is  not  constant  but  that  varies, 
say,  over  the  business  cycle.  All  that  Is  required  Is  a set  of  rules 
to  specify  the  operation  of  the  growth  mechanism.  If  one  hopes  to 
model  a specific  Industry,  however,  this  requires  that  one  have  In  mind 
a valid  model  of  the  Individual  firm  In  order  that  the  set  of  rules  be 
realistic. 

To  demonstrate  the  use  of  a simulation  model,  the  results 
of  ten  runs  of  a continuous  slse  simulation  model,  tdilch  was  developed 
by  the  author,  have  been  provided  In  Table  1-2.  Output  Is  In  the  form 
of  four-firm  concentration  ratios  computed  at  20-year  Intervals  for 
100  years.  Initially  there  wmce  100  firms  of  equal  slse.  Growth  rates 
were  assumed  to  be  normally  distributed,  with  mean  growth  of  five 
percent  per  annum  and  a standard  deviation  of  tui  percent,  for  each 
firm  In  each  year.  To  reflect  the  impact  of  the  business  cycle.  It  was 
assumed  that  births  occurred  according  to  the  following  five-year  cycle: 
three,  one,  none,  one,  two  (per  year) . It  was  assumed  that  any  firm 
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whose  size  had  fallen  below  zero  had  gone  bankrupt.  In  order  to  keep 
the  model  simple,  takeovers  were  not  permitted  and  all  firms  were 
assumed  to  be  Indistinguishable  except  for  differences  In  size. 

Table  1-2  Four-Firm  Concentration  Ratios 
Resulting  from  10  Runs  of  a 
Slaiulatlon  Model  Using 
Continuous  Size 


Four-Firm  Concentration  Ratio  at  Year: 


Run 

_0 

20 

60 

80 

100 

1 

4.0 

9.7 

10.1 

13.0 

16.3 

21.1 

2 

4.0 

7.6 

9.7 

11.9 

13.0 

16.0 

3 

4.0 

7.3 

10.3 

11.9 

13.8 

15.0 

4 

4.0 

7.5 

9.2 

8.9 

9.6 

12.0 

5 

4.0 

7.1 

10.1 

11.1 

11.3 

9.8 

6 

4.0 

6.5 

7.5 

8.9 

11.1 

12.1 

7 

4.0 

7.7 

8.9 

12.7 

13.8 

15.8 

8 

4.0 

6.8 

8.2 

10.9 

12.3 

16.0 

9 

4.0 

7.7 

10.7 

13.5 

17.0 

16.1 

10 

4.0 

8.5 

10.2 

12.4 

14.9 

14.6 

Avg 

4.0 

7.6 

9.5 

11.5 

13.3 

14.9 

Even  thou^  the  growth  prospects  of  all  firms  are  Identical, 
the  firms  do  not  remain  of  equal  size  for  very  long.  Within  20  yeers 
concentration  has  nearly  doubled,  with  the  Industry  leader  (not  shown) 
having  nearly  tripled  his  market  share.  The  simulation  results  display 


a clear  tendency  toward  Increasing  concentration,  a tendency  that  is 
even  more  marked  If  no  new  firms  sre  allowed  to  enter  the  Industry. 

A second  set  of  simulation  runs,  this  time  with  no  new  entries 
permitted,  yielded  an  average  concentration  ratio  of  19.9  at  the 
century  mark,  and  in  one  of  the  runs  concentration  reached  29.2  after 
100  years.  If  some  sort  of  takeover  mechanism  had  been  built  in, 
concentration  would  have  Increased  even  more  rapidly.  In  addition, 
any  of  the  factors  (i)  - (iv)  listed  above  could  be  added  to  the  model 
to  determine  what  effect  they  would  have,  either  individually  or 
collr'ctlvely,  on  industrial  concentration. 

d.  Models  of  Market  Organization 

The  stochastic  analysis  of  changes  in  industrial  structure 
has  led  to  some  Interesting  results.  Yet,  in  assessing  the  true 
economic  contributions  of  these  models,  one  must  recognize  that,  by 
their  very  nature,  these  models  can  say  very  little  about  the  individual 
firm.  For  example,  one  cannot  see  what  connections  exist  among  the 
individual  firm's  policy  choices,  the  firm's  interactions  with  its  rivals, 
and  the  performance  of  the  markets  it  serves.  The  simulation  technique 
offers  some  hope  that  the  models  can  be  made  to  reflect  better  the  role 
of  the  individual  firm.  In  the  opiniovi  of  this  writer,  it  would  be  more 
valuable  in  terms  of  policy  liH)llcatlons  to  determine  how  decisions  by 
the  individual  firm  and  how  the  interaction  of  the  firm  with  its  rivals 
affect  the  level  of  industrial  concentration  than  it  would  be  to  merely 
identify  the  probability  distribution  - Yule,  Pareto,  lognormal,  or 
whatever  --  that  comas  closest  to  fitting  actual  size  distributions  of 
firm.  For  while  models  based  on  the  low  of  proportionate  effect  have 
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be«n  found  to  b*  appropriato  for  describing  actual  size  distributions 
of  flrvs,  they  say  nothing  concerning  the  Internal  dynamics  of 
corporate  growth. 

Recently  a number  of  models  of  market  organization  that 

attempt  to  explain  the  connection  between  market  equilibrium  price 

and  quantity  and  the  objectives  and  price-setting  behavior  of  firms  in 
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the  Industry  have  been  formulated.  Winter  has  devised  a markup 

pricing  model  In  which  each  firm  each  period  sets  the  value  of  two 

parameters:  Its  productive  capacity  and  the  price  of  its  product  — 
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the  latter  as  a percentage  markup  over  average  variable  cost.  Firms 
do  not  optimize,  they  satisfice.  If  profits  prove  unsatisfactory,  the 
firm  alters  its  markup  or  its  size.  Winter’s  model  allows  firms  to 
enter  the  industry,  and  this  is  accomplished  by  new  entrants  charging 
a lower  price  than  existing  producers.  Winter  permits  prices,  capacity, 
and  demand  to  assume  only  a finite  ntad>er  of  values,  and  shows  that 
under  the  above  assuatptions,  the  development  of  the  industry  over 
time  can  be  modeled  as  a finite  state  Markov  chain.  In  the  persis- 
tent states  are  firms  that  employ  the  same  percentage  siarkup  that  is 
sufficient  to  discourage  entry;  that  earn  satisfactory  profits  at  a 
level  commensurate  with  profit  rates  in  other  industries;  and  that 
experience  the  same  degree  of  capacity  utilisation.  What  is  distinc- 
tive about  Wlnter'a  model,  as  the  survey  in  chapter  two  will  make 
clear,  is  that  producers  do  not  optimize  anything,  and  yet,  their 
market  behavior  converges  to  the  competitive  equilibrium  with 
probability  one. 

A more  recent  model  is  due  to  Maccini.  His  model,  while 
it  is  not  stochastic  in  nature,  is  concerned  with  dynamic  adjustments 
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in  market  price  and  output.  Two  aapacta  of  Kacclnl'a  approach  are 
noteworthy.  First  he  develops  a model  of  the  representative  firm,  in 
which  the  firm  sets  the  price  of  its  product  and  alters  its  market 
share  by  varying  its  price  in  relation  to  the  ruling  market  average 
price.  Then  he  collects  these  firsts  into  an  aggregate  product  market 
model.  Hewever,  he  does  assume  that  the  firm  behaves  as  if  any  price 
changes  it  makes  will  not  affect  the  market  average  price  (i.e.  he 
assumes  that  monopolistic  competition  prevails)  and  that  the  firm 
maximizes  the  present  value  of  its  expected  profit  stream  (i.e.  he 
assumes  that  the  firm's  shareholders  and  managers  are  risk  neutral). 

The  mdels  of  Winter  and  Maccinl  demonstrate  one  of  the 
uses  to  which  a model  of  the  firm  can  be  put.  Two  other  uses  will 
be  discussed  in  the  next  subsection.  What  models  such  as  the  two  Just 
discussed  also  make  clear  is  the  critical  role  models  of  the  firm  can 
play  in  models  of  industrial  structure  and  in  models  of  market  organi- 
zation. Similarly,  results  obtainable  from  models  of  the  types  dis- 
cussed in  the  next  subsection  are  also  affected  by  the  treatment 
given  the  individual  firm. 

3.  Hicro-Macro  Models  and  General  Equilibrium  Models 

Microeconomics  deals  with  economics  in  the  small  — the  behavior 
of  individual  economic  decision-making  units  snd  individual  markets  — 
while  macroeconomics  deals  with  economics  in  ths  large  — the  behavior 
of  broad  economic  aggregates,  sudi  ss  total  investmsnt,  and  their 
role  in  determining  the  general  levels  of  prices  and  aaployment. 

There  has  always  been  a rather  uneasy  coexistence  of  the  two,  for  while 
it  is  clear  that  the  decisions  made  by  individual  economic  units 


72 


( 


detCTBln*,  through  thu  systM  of  aarkota  that  tie  the  economy  together, 

the  valuaa  of  the  aggregataa,  no  one  haa  been  aucceaaful  In  explaining 

precisely  how  this  is  accoapllahed.  Moreover,  it  la  not  assured  that 

existing  macroeconomic  modela  and  microeconomic  models  are  logically 

consistent.  In  view  of  first  the  power  that  many  firms  have  to  set 

prices  and  then  to  maintain  them  In  the  face  of  falling  demand,  and 

second,  the  recent  period  of  high,  persistent  Inflation  In  the  face 

of  hl^  unemployment,  the  need  for  a synthesis  of  microeconomics  and 
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macroeconomics  appears  to  many  economists  to  be  a pressing  one. 

Such  a ayntiiesis  would  also  be  likely  to  reveal  the  relationship  between 

the  growth-promoting  activities  of  Individual  firms  and  the  overall 

growth  of  the  economy.  Such  knowledge  would  be  of  particular  value 

to  economies  whose  Industrial  sectors  are  only  Just  beginning  to 
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develop. 

Such  a synthesis  could  be  brought  about  presumably  through  the 
development  of  general  aqulllbrlum  models,  which  determine  the  simul- 
taneous equilibrium  of  all  markets  and  which  also  yield  the  values 
of  economic  aggregates.  A somewhat  less  aii>ltlous  approach  would  be 
one  chat  sought  to  link  the  relevant  microeconomic  decisions  with  a 
particular  economic  aggregate,  l.e.  a micro-macro  model.  In  models 
of  both  types  the  Individual  firm  would  play  a critical  role. 

Harris  has  developed  a micro-macro  nodal  that  links  the  growth 
of  firms  with  tha  growth  of  the  economy,  hla  laderlylng  premise  being 

that  "aggregate  behavior  must  ba  seen  as  Che  specific  result  of  the 
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behavior  of  the  firms."  In  hla  modal  the  growth  rate  of  Che  economy 
Is  the  weighted  average  of  the  growth  retea  of  Individual  flma.  Each 
firm  salaets  a steady  stats  growth  path,  as  In  Harris's  microeconomic 
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■odel  of  ch«  fin,  but  actual  growth  ratea  way  vary  due  to  the 
dlsturbancaa  in  tha  fin*  a anvlronaent.  Alao  aa  In  the  mlcroecononlc 
nodel,  each  fln'a  optima  growth  rate  dependa  on  Ita  expacted  profit 
rate,  which  at  the  aacroeconoalc  level  aakea  the  average  (planned) 
growth  rate  of  the  economy  dependent  on  the  macroeconomic  average 
profit  rate.  In  equlllbrlua,  growth  ratea,  profit  rates,  and  valua- 
tion ratios  are  determined  at  both  the  microeconomic  and  the  aacro- 
econoalc levels. 

General  equlllbrlua  models  arc  more  complex  than  alcro-aacro 
models,  encoapasslng  slmltaneously  all  aicro-macro  relationships, 
rather  than  Just  some  small  subset  (as  In  a micro-macro  model) . Con- 
sequently, their  analysis  generally  requires  the  use  of  more  sophls- 
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tlcated  mathematical  tachnlquea.  It  Is  at  least  partly  for  this 

reason  that  general  equlllbrlua  models  have  been  slow  to  adapt  to 

recent  developments  In  the  theory  of  the  firm.  The  majority  of  general 

equilibria  models  have  assumed  a manufacturing  sector  throughout 
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which  perfect  competition  prevails.  Two  notable  exceptions  are  the 

models  of  Naglshl  and  Arrow,  both  of  which  assume  monopolistic  compe- 
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tltlon.  Both  models  asauaa  that  the  firm  aaxialEes  profits.  Neither 
model  takas  Into  account  either  tha  Intaractlon  among  the  monopolistic 
firms  or  tha  Influanca  of  factors  Internal  to  these  firms.  As  In  the 
case  of  models  of  Industrial  structure,  tha  behavior  of  tha  Individual 
firm  has  remained  an  unexplained  phenomenon. 

E.  SOMIAkT  or  CHAPTER  ONE  AND  OVERVIEW  OT  THE  THE9IS 

The  modem  business  enterprise  Is  large  and  diversified,  and  In 
many  casea,  msnsgemant-controllad.  In  the  opinion  of  this  writer. 
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there  Is  little  resefld>lence  between  the  modem  corporate  enterprise 

and  the  business  firm  depicted  by  traditional  economic  theory.  Various 

models  have  been  suggested  as  replacements  for  the  traditional  model, 

and  the  majority  of  these  have  been  most  conveniently  expressed  in 

mathematical  form.  The  models  that  have  been  proposed  are  of  both 

direct  and  Indirect  interest^  In  the  first  case,  because  of  recent 

important  policy  debates,  such  as  one  concerning  the  breaking  up  of 

the  major  oil  companies  and  another  concerning  the  importance  of 
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large  site  to  risk-bearing  in  defense  contracting;  and  in  the 
second  case,  because  of  the  need  for  more  meaningful  models  of  the 
firm  to  be  incorporated  in  models  of  industrial  structure,  micro- 
macro  models,  and  general  equilibrium  models. 

The  remainder  of  this  thesis  is  concerned  exclusively  with  the 
theory  of  the  firm.  Chapter  two  surveys  the  literature  dealing  with 
the  theory  of  the  firm  and  presents  a representative  collection  of 
models  of  the  firm.  Each  model  is  carefully  set  out  and  analyzed,  and 
the  contributions  of  each  to  the  theory  of  the  firm  are  evaluated. 

The  models  are  presented  in  more  or  less  chronological  order,  beginning 
with  the  traditional  models  in  sections  B through  E,  and  then  following 
the  evolution  of  the  theory  of  the  firm  throu^  the  more  sophisticated 
treatments  given  to  the  objectives  of  the  firm,  to  the  links  between 
the  firm's  financial  decisions  and  its  operating  decisions,  to  the 
behavior  of  the  firm  under  uncertainty,  and  to  the  behavior  of  the 
firm  in  a multiperiod  context.  Also  discussed  is  the  relationship 

between  each  of  these  models  and  similar  models  that  have  appeared 
in  the  literature,  but  which  are  not  presented  in  detail  in  chapter 
two. 
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Ic  is  this  vrlter's  intention  in  providing  a comprehensive  survey 
of  the  literature  to  indicate,  not  only  the  evolution  of  the  theory  of 
the  firm  to  date,  but  also  the  directions  in  which  fu'^ther  research 
might  fruitfully  proceed. 

The  author's  basic  theoretical  model  is  developed  in  chapters  three 
through  five.  The  model  is  initially  formulated  in  chapter  three,  where 
it  is  used  to  study  the  behavior  of  the  firm  over  the  business  cycle. 

The  firm  is  modeled  as  a discounted  collective  utility  maximizer  - 
with  collective  utility  reflecting  both  shareholder  and  managerial 
sources  of  satisfaction.  It  is  shown  that  the  traditional  and  managerial 
theories  of  the  firm  may  be  reconciled  by  interpreting  these  classes  of 
models  in  terms  of  the  behavior  of  the  firm  over  the  business  cycle. 

Financial  considerations  are  incorporated  into  the  model  in  chapter 
four.  The  modified  model,  which  is  formulated  as  a stochastic  optimal 
control  problem  utilizing  the  time-state-preference  approach  to 
modeling  uncertainty,  is  used  to  examine  the  relationship  between  the 
firm's  optimal  operating  decisions  and  its  optimal  financial  decisions. 

Organizational  factors  are  introduced  in  chapter  five,  and  some  of  the 
consequences  of  decentralized  decision-making  for  the  loss  of  control 
and  X-efflclency  are  suggested. 

The  extension  of  the  basic  model  to  firms  in  the  U.S.  airframe 
Industry  is  carried  out  in  chapters  six  and  seven.  The  institutional 
milieu  within  which  these  firms  operate  is  characterized  and  their 
^ planning  processes  are  described  in  chapter  six.  A model  of  the 

i representative  airframe  builder  is  formulated  and  is  used  to  study 

several  procurement  policy  issues  in  chapter  seven. 

O 
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CHAPTER  ONE  FOOTNOTES 


1.  J.  K.  Galbraith,  The  New  Industrial  State,  let  ed.  (Houghton 
Mifflin;  Boston;  1967).  This  vlev  Is  shared  by  the  proponents  of 
the  managerial  theories  of  the  firm.  The  managerial  viewpoint  Is 
discussed  below  and  several  of  the  managerial  models  are  set  out 
In-  section  G of  chapter  two. 

2.  "The  Fortune  Directory  of  the  500  Largest  Industrial  Corporations," 
Fortune  (May  1976); "The  Fortune  Directory  of  the  Second  500  Largest 
Industrial  Corporations  .**  Fortune  (June  1976);  and  Federal  Trade 
Commission,  Quarterly  Financial  Report  for  Manufacturing  Corporations 
Washington,  D.C.;  4th  Quarter,  1975). 

3.  The  Importance  from  a modeling  standpoint  of  determining  what  the 
typical  company  Is  trying  to  achieve,  as  well  as  the  difficulties 
associated  with  trying  to  determine  the  objectives  of  actual 
firms,  are  discussed  In  W.  J.  Bauaol,  "Models  of  Economic 
Competition,"  In  P.  Langhoff,  ed..  Models.  Measurement  and  Marketing 
(Prentlce>Hall;  Englewood  Cliffs,  N.  J.;  1965),  pp.  143-168. 

4.  R.  J.  Lamer,  Manaaenent  Control  and  the  Large  Corporation  (Dunellen; 
New  Tork;  1970).  The  classification  scheme  adopted  by  Lamer  Is 
somewhat  arbitrary.  Berle  and  Means  had  required  stock  ownership 

of  20  percent  or  more  for  ownership  control,  but  Lamer  argued 
that  20  percent  seemed  too  high  a lower  limit  In  view  of  the 
Increases  In  site  and  the  widening  dispersion  of  share  ownership 
characterizing  the  200  largest  nonflnanclal  corporations  between 
1929  (the  period  studied  by  Berle  and  Means)  and  1963  (the  period 
studied  by  Lamer).  Ibid. . pp,  lO-ll.  This  still  leaves  unanswered 
the  question  as  to  why  10  percent  Is  better  than  15  percent  or  some 
other  figure.  Indeed,  Lamer  made  two  exceptions  to  his  classifica- 
tion scheme,  classifying  May  Department  Stores  Co.  as  ownership- 
controlled,  even  though  the  May  family  held  a stock  Interest  of  lesa 
than  four  percent,  because  the  family  had  five  representatives  on 
the  board  of  directors,  and  classifying  Transcontinental  Gas  Pipe 
Line  Corp.  as  management-controlled  even  though  Stone  & Webster 
Company  held  11  percent  of  the  outstanding  shares,  because  the 
latter  had  no  representatives  on  Transcontinental's  board  of 
directors.  Ibid. . pp.  78-79,  84-85. 

5.  Ibid. . p.  16. 

6.  Ibid. . p.  16.  The  results  of  the  Berle  and  Means  study  are  reported 
In  A.  A.  Berle,  Jr.,  and  G.  C.  Means,  The  Modem  Corporation  and 
Private  Property,  rev.  ed.  (Harcourt,  Brace  and  World;  Mew  Tork; 

1968),  p.  66. 
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7.  Larner's  findings  have  not  gone  unchallenged,  however,  and  there 

has  been  a continuing  debate  in  the  economic  and  buslnctas  literature 
as  to  the  extent  of  the  separation  of  ownership  from  control. 

Robert  Sheehan  argues  that  family  ownership  and  control  is  still 
significant  among  the  500  largest  corporations.  Sheehan  resorted 
that  in  roughly  150  of  the  500  largest  industrial  corporations  (as 
ranked  by  sales  by  Fortune  magaxine)  controlling  ownership  rested 
in  the  hands  of  either  a single  individual  or  members  of  a single 
f*Bily»  See  R.  Sheehan,  "Proprietors  in  the  World  of  Big  Business," 
Fortune  (June  1967),  p.  178.  Philip  Burch  challenges  the  separation 
of  ownership  from  control  hypothesis  more  strongly  than  Sheehan. 

Burch  studied  ownership  and  control  in  450  large  companies  and 
concluded  that  42Z  of  the  largest  publicly  held  corporations  are 
controlled  by  one  person  or  by  a single  family  and  that  another  17Z 
are  in  the  "possible  family  control"  category.  See  P.  H.  Burch,  Jr,, 
The  Managerial  Revolution  Reassessed  (D.  C.  Heath;  Lexington,  Hass.; 
1972) . Peter  Drucker  argues  that  management  control  is  diminishing 
due  to  the  growing  influence  of  pension  funds  that  own  large  blocks 
of  company  shares.  See  P.  F.  Drucker,  The  Unseen  Revolution  (Harper 
& Row;  New  York;  1976).  For  a contrary  view  see  M.  R.  Darby's  review 
of  Drucker 's  book.  H.  R.  Darby,  "Should  pension  funds  be  cause  for 
concern?"  Business  Week  (July  19,  1976).  Evidence  in  support  of 
the  Berle  and  Means  study  and  the  Lamer  study  is  provided  by  John 
Palmer,  whose  study  of  the  500  largest  industrial  corporations 
indicates  that  161  firms  in  1965  and  143  firms  in  1969  were  owner- 
controlled.  See  J.  P.  Palmer,  "The  Separation  of  Ownership  from 
Control  in  Large  O.S.  Industrial  Corporations,"  Quarterly  Review  of 
Economics  & Business  (vol.  12;  no.  3;  Autumn  1972),  pp.  55-62.  He 
concludes  that  the  separation  of  ownership  from  control  is  widespread, 
that  there  is  a strong  negative  correlation  between  the  size  of  the 
firm  and  the  degree  of  owner  control  (l.e.  the  largest  firms  have 
the  smallest  percentage  of  owner  control),  and  that  his  study  is 
consistent  with  those  of  Berle  and  Means  and  Lamer  and  shows  that 
"the  frequency  of  owner  control  of  large  corporations  seems  to  have 
declined  from  1929  through  1969."  Ibid. . p.  61.  To  summarize  the 
foregoing,  the  results  of  the  various  studies,  when  taken  collectively, 
remain  inconclusive.  This  is  due  at  least  in  part  to  the  differing 
criteria  adopted  for  distinguishing  between  owner  control  and  manager 
control.  Thus,  the  issue  as  to  whether  management-controlled  firms 
are  predominant  among  the  largest  nonflnanclal  firms  in  the  American 
economiy  remains  unsettled. 

8.  Introductory  economics  textbooks  typically  refer  to  the  shareholders 
of  a firm  aa  the  firm's  owners,  but  strictly  speaking  this  is  untrue. 

A corporation  is  a separate  legal  entity.  All  corporate  property  is 
owned  by  the  corporation.  Individual  shareholders  have  no  specific 
claim  against  any  of  the  corporation's  assets.  The  shares  he  owns 
fives  the  lndlvi.dual  shereholder  voting  rights,  rather  than  ownership 
rights.  His  shares  entitle  him  to  a share  of  the  profits,  which  he 
receives  in  the  form  of  dividends,  and  in  the  event  the  corporation 
fails,  to  a claim  against  Che  residual  assets  of  the  corporation 
after  all  creditors  have  been  paid.  Thus,  while  the  traditional  view 
is  that  the  stockholders  are  the  owners  of  the  corporation,  this  is 
only  true  in  a strict  sense  for  those  corporations  in  which  the 
shareholders  are  also  the  firm's  managarii. 
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9.  This  does  not  aesn  that  management  has  complete  freedom  to  Ignore 
the  interests  of  the  company's  shareholders  or  their  elected 
representatives,  the  board  of  directors.  Evidence  of  this  Is  provided 
by  the  Gulf  payoff  scandal.  Management  had  been  given  virtually 
complete  freedom  to  run  the  company,  and  In  fact,  had  been  able  to 
conceal  the  magnitude  of  the  payments  from  Its  board  for  a period  of 
years.  Once  the  deception  became  apparent,  top  management  was  removed. 
See  B.  E.  Calamc,  "Gulf  Officers'  Ouster  Was  Boldly  Engineered  by 
Mellon  Interests,"  Wall  Street  Journal  (January  15,  1976),  and  W. 
Robertson,  "The  Directors  Woke  Up  Too  Late  at  Gulf,"  Fortune 
(June  1976).  A second  example  Is  the  recent  resignation  of  the 
president  of  United  Brands  Co.  after  a dispute  with  the  company's 
major  stockholders.  See  L.  R.  Gallese,  "United  Brands  President 
Quits  In  Rift  with  Chairman;  Mllsteln  Is  Successor,"  Wall  Street 
Journal  (January  31,  1977)  and  "United  Brands  shifts  to  a shirtsleeve 
boss."  Business  Week  (February  14,  1977).  There  are  Indications  that 
such  difficulties  have  made  corporate  boards  of  directors  Increasingly 
assertive.  See  B.  E.  Calame  and  E.  Morgenthaler,  "Outside  Directors 
Get  More  Careful,  Tougher  After  Payoff  Scandals."  Wall  Street  Journal 
(March  24,  1976). 

10.  As  discussed  In  sections  F and  I of  chapter  two,  tmder  the  appropriate 
assumptions  the  stock  market  value  of  a share  of  equity  Is  equal  to 
the  present  value  of  the  flow  of  dividends  accruing  to  the  holder  of 
that  share  and  maximizing  shareholder  utility  Is  perfectly  equivalent 
to  setting  dividend  policy  so  as  to  maximize  the  stock  market  value 

of  the  firm's  equity.  The  Vickers,  Llntner,  and  Jorgenson  models 
discussed  In  chapter  two  are  examples  of  models  that  employ  the 
stock  market  value  of  the  firm's  equity  as  a measure  of  shareholder 
utility  (or  satisfaction) . It  should  be  emphasized  that  the  proponents 
of  the  managerial  and  behavioral  theories,  whose  views  and  models 
of  the  firm  are  explored  In  depth  In  chapter  two,  do  not  dispute  the 
view  that  shareholders  are  mainly  concerned  with  the  stock  market 
value  of  their  shares.  What  they  dispute  Is  the  notion  that  the 
objective  of  the  firm  Is  that  of  its  shareholders. 

11.  These  sources  of  managerial  satisfaction  are  cited  by  Baumol, 

Harris,  0.  E.  Williamson,  and  other  proponents  of  the  managerial 
theories.  For  references  see  footnotes  28,  30,  and  31  below. 

12.  See,  for  example,  F.  Modlgllenl  and  M.  H.  Miller,  "The  Cost  of 
Capital,  Corporation  Flnanca  and  the  Theory  of  Investment,"  American 
Economic  Review  (vol.  48;  no.  3;  June  1958),  p.  262. 

13.  E.  T.  Penrose,  The  Theory  of  the  Growth  of  the  Firm  (Basil  Blackwell; 
Oxford;  1959),  p.  28. 

14.  In  the  remainder  of  this  chapter  the  neoclassical  objective  of  the 
firm  will  be  referred  to  simply  as  profit  maxladzatlon  and  the 
quallflcetlon  'or  market  value  of  the  firm's  shares'  will  not  be 
added  to  'profit'.  This  Is  the  convention  followed  In  the  literature. 
One  of  the  main  justifications  for  this  convention  Is  the  fact  that 
in  the  absence  of  both  uncertainty  and  capital  market  Imperfections, 
profit  maximization  is  equivalent  to  stock  market  value  maximization. 
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See  Modigliani  and  Miller,  op.  clt..  pp.  262-263.  This  equivalence 
will  bo  deaonstrated  clearly  In  the  dlacuaalon  of  the  Jorgenaon 
model  In  aectlon  L of  chapter  two.  It  ahould  be  noted  that  the 
equivalence  between  profit  maxlmiaatlon  and  atock  market  value 
maxlmlaatlon  vanlshea  under  uncertainty  and  doea  not  necessarily 
hold  when  capital  markets  are  Imperfect. 

15.  M.  Friedman,  Essays  In  Positive  Economics  (University  of  Chicago 
Press;  Chicago;  1953),  pp.  >-43;  T.  C.  Koopmens,  Three  Essays  on 
the  State  of  Economic  Science  (McGraw-Hill;  New  York;  1957), 

pp.  132-146.  A suomary  of  the  theoretical  arguments  both  for  and 
against  the  profit  maximisation  hypothesis  can  be  found  In  A.  Singh, 
Take-overs;  Their  Relevance  to  the  Stock  Market  and  the  Theory  of 
the  Firm  (Cambridge  University  Press;  Cambridge;  1971),  pp.  2-13. 

16.  S.  G.  Winter,  Jr.,  "Economic  'Natursl  Selection'  and  the  Theory  of 
the  Firm,"  Yale  Economic  Essays  (vol.  4;  Spring  1964),  pp.  225-272. 

17.  G.  Donaldson,  Corporate  Debt  Capacity  (Division  of  Research,  Graduate 
School  of  Business  Administration,  Harvard  University;  Boston;  1961). 
Over  the  last  decade,  however,  the  pattern  of  financing  observed  by 
Donaldson  has  changed.  For  exaaq>le.  In  1965,  over  90  percent  of 
capital  outlays  were  financed  Internally,  but  by  1974,  the  proportion 
of  Internally  financed  capital  outlays  had  fallen  to  approximately 

65  percent.  Moreover,  much  of  this  Increase  In  external  financing 
took  the  form  of  long  term  bank  borrowing  and  the  Issuance  of  debt 
Instruments,  as  evidenced  by  an  Increase  of  the  ratio  of  total  debt 
to  equity  from  65  percent  In  1965  to  97  percent  In  1974.  J.  F. 

Weston,  review  of  A.  Wood,  A Theory  of  Profits.  In  Journal  of 
Econo^c  Literature  (vol.  14;  no.  4;  Decesiter  1976),  pp.  1280-1281, 
and  'decent  Developments  In  Corporate  Finance,"  Federal  Reserve 
Bulletin  (vol.  61;  no.  8;  August  1975),  pp.  463-471. 

18.  A.  A.  Alchlan  and  R.  A.  Kessel,  "Competition,  Monopoly,  and  the 
Pursuit  of  Pecuniary  Gain,"  In  Aspects  of  Labor  Economics  (Conference 
of  the  Universities  — National  Bureau  Committee  for  Economic  Research; 
Princeton;  1962),  pp.  156-175,  and  H.  Manna,  "Mergers  and  the  Market 
for  Corporate  Control,"  Journal  of  Political  Economy  (vol.  73;  no.  2; 
April  1965),  pp.  110-120,  reprinted  under  the  same  title  In  M.  Gilbert, 
ed..  The  Modem  Business  Enterprise  (Penguin;  Middlesex,  England; 

1972),  pp.  153-169. 

19.  Singh,  op.  clt..  p.  139,  and  A.  Singh,  "Take-overs,  'Natural 
Selection'  and  the  Theory  of  the  Firm,"  Economic  Jouraal  (vol.  85; 
no.  339;  September  1975),  pp.  497-515.  Though  Singh's  studies  were 
carried  out  on  a restricted  sample  of  Industries  In  the  United 
Kingdom,  in  the  opinion  of  this  writer  the  similar  structure  and 
organization  of  the  manufecturlng  sectors  of  the  British  and  American 
economies  do  permit  Inferences  to  be  drawn  from  his  results. 
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S.  E.  Boyle,  "Pre-merger  Growth  and  Profit  Characterlstlca  of 
Large  Conglomerate  Mergera  in  the  United  States  1948-1968,"  St. 

John’s  Law  Review  (vol.  44;  special  edition;  Spring  1970),  pp.  152-170, 
and  Federal  Trade  Commission,  Economic  Report  on  Conglomerate  Merger 
Performance.  An  Empirical  Analysis  of  Nine  Corporations  (Washington. 
D.C.;  November  1972). 

Indeed,  there  Is  evidence  'hat  a firm’s  relatively  poor  performance 
may  cause  it  to  seek  acquisition  candidates  In  order  to  Increase  its 
profitability  to  the  average  for  Industry  generally.  U.  I.  Ansoff, 
et  al..  Acquisition  Behavior  of  U.S.  Manufacturing  Firms,  1946-1965 
Vanderbilt  University  Press;  Nashville;  1971),  and  J.  F.  Weston 
and  S.  K.  Manslnghka,  "Tests  of  the  Efficiency  Performance  of 
Conglomerate  Firms,"  Journal  of  Finance  (vol.  26;  no.  4;  September 
1971),  pp.  919-946.  Hence,  In  some  cases,  a firm’s  low  profitability 
fluiy  increase  its  likelihood  of  acquiring  some  other  firm,  rather  than 
Its  likelihood  of  being  acquired. 

R.  L.  Harris,  "Galbraith,  Solow  and  the  Truth  About  Corporations," 

The  Public  Interest  (Spring  1968),  p.  44. 


W.  G.  Lewellen,  Executive  Compensation  in  Large  Corporations 
(Columbia  University  Press;  New  York;  1968),  ch. 8. 


W.  G.  Lewellen  and  B.  Huntsman,  "Hanagerlal  Pay  and  Corporate 
Performance,"  American  Economic  Review  (vol.  60;  no.  4;  September 
1970),  pp.  710-720.  In  addition,  stock  options,  which  permit  the 
holder  to  purchase  a certain  number  of  the  company’s  shares  at  a 
specified  price  within  some  stated  time  period,  are  virtually 
worthless  If  the  specified  option  price  reoMlns  below  the  prevailing 
market  price  throughout  the  stated  time  period.  Stock  options  become 
less  attractive  during  recessions  due  to  the  generally  downward  trend 
In  share  prices.  See  R.  Rlcklefs,  "Stock  Options’  Allure  Fades,  So 
Firms  Seek  Different  Incentives,"  Wall  Street  Journal  (May  27,  1975). 


D.  R.  Roberts,  Executive  Comoeyatlon  (Free  Press;  Glencoe,  111.; 
1959);  J.  W.  McGuire,  et  al.,  "Executive  Incomes,  Sales,  and  Profits," 
American  Economic  Review  (vol.  52;  no,  4;  September  1962),  pp.  753“ 761 
For  a review  of  these  and  subsequent  studies  see  G.  K.  Yarrow, 
"Executive  compensation  and  the  objectives  of  the  firm,"  In  K.  Cowling 
ed. , Market  Structure  and  Corporate  Behavior:  Theory  and  Empirical 
Analysis  of  the  Firm  (Gray-Mllls;  London;  1972).  dp.  149-173.  In  which 
Yarrow  also  reports  the  results  of  his  own  study  that  show  that 
executive  compensation  Is  more  closely  correlated  with  the  size  of  the 
firm  than  with  Its  profitability.  For  some  more  recent  results  see 
A.  Cosh,  "The  Remuneration  of  Chief  Executives  in  the  United  Kingdom," 
Economic  Journal  (vol.  85;  no.  337;  March  1975),  pp.  75-94. 


R.  L.  Harris,  The  Economic  Theory  of  ’Managerial*  Capitalism 
(Macsdllan;  London;  1964).  pp.  46-109;  J.  Downle.  The  Competitive 
Process  (Duckworth;  London;  1958);  and  J.  R.  Galbraith,  op.  clt.. 
pp.  171-173.  Supportive  empirical  evidence  comes  from  several  sources 
G.  R.  Rodie  recently  reported  the  results  of  a study  In  which  he  found 


that  of  the  1556  men  and  10  women  whoae  senior  executive  appointments 
were  announced  In  the  "Who’s  News"  colunn  of  the  Wall  Street  Journal 
during  1974,  87Z  were  given  new  responsibilities  within  the  same 
organisation.  See  G.  R.  Roche,  "Compensation  and  the  mobile 
executive."  Harvard  Business  Review  (November-December  1975),  p.  54. 
Such  announcements  are  generally  limited  to  the  top  executives 
(vice  presidents  and  above)  of  the  500  largest  In'^ustrial  companies 
and  of  the  15  to  25  largest  organizations  In  nonlndus trial  fields 
plus  presidents  and  chairman  of  other  listed  or  actively  traded 
(but  unlisted)  companies.  While  the  87Z  figure  can  be  quibbled  over 
because  Roche’s  sample  did  not  Include  all  large  firms  (some 
promotions  may  not  have  been  announced  and,  due  to  the  short  period 
covered  by  the  study,  some  of  the  relatively  smaller  firms  may  not 
have  been  In  the  sample  because  their  presidents  and  chairmen 
remained  the  same  throu^out  the  period).  In  this  writer's  opinion 
the  results  do  Indicate  a general  preference  for  Internal  promotion. 
Roche  finds  that  It  Is  less  expensive  for  an  organization  to  promote 
Internally  than  to  search  outside  the  firm  for  new  talent.  Ibid. . 
p.  62.  The  long  and  careful  (and  costly)  selection  process  Involved 
In  seeking  higher  level  executives  outside  the  firm  Is  described  In 
T.  Levitt,  "The  managerial  merry-go-round,"  Harvard  Business  Review 
(July-August  1974) . Additional  evidence  of  the  preference  for 
Internal  promotion  Is  provided  by  Forbes  magazine’s  1975  roster  of 
the  830  highest  paid  chief  executives,  which  Indicates  that  707  of 
the  830  executives,  or  85  percent,  were  promoted  Into  the  chief 
executive’s  position  from  within  the  company.  See  "Who  Gets  the 
Most  Pay,"  Forbes  (May  15,  1975). 

27.  An  Interesting  summary  of  these  alternative  models  Is  presented  In 
J.  B.  Herendeen,  The  Economics  of  the  Corporate  Economy  (Dunellen; 

New  York;  1975)  , ch.  5 . Some  economists,  notably  Robert  L. 
Hellbroner,  have  argued  that  profits  ihcuJid  not  be  the  single  goal 
of  modem  corporations  because  of  the  price  wars  Initiated  by 
dominant  firms,  take-overs,  and  Increases  In  market  concentration 
that  would  be  likely  to  result  If  large  firms  tried  to  maximize 
profits.  See  R.  L.  Hellbroner,  et  al..  In  the  Name  of  Profit 
(Doubleday;  Garden  City,  N.Y.;  1972).  In  contrast  to  the  traditional 
theorists  who  argue  that  profit  maximization  Is  desirable,  Hellbroner 
argues  that  profit  maximizing  behavior  on  the  part  of  large  firms  may 
have  111  side  effects.  The  Implication  of  his  arguments  Is  that.  If 
It  Is  found  that  companies  do  not  maximize  profits.  It  does  not 
necessarily  follow  that  society  Is  worse  off  than  It  would  be  If 
profits  were  maximized. 

28.  W.  J.  Baumol,  Bualness  Behavior.  Value  and  Growth,  rev.  ed. 

(Harcourt,  Brace  and  World;  New  York;  1967),  chs. 6-10.  The  first 
edition  of  the  book  appeared  In  1959.  Subsequently,  Baumol  published 
a second  isodel  in  which  managers  seek  to  maximize  the  rate  of  growth 
of  sales,  rather  than  the  level  of  sales.  See  W.  J.  Beumol,  "On  the 
Theory  of  Expansion  of  the  Firm,"  Amerlcen  Economic  Review  (vol.  52; 
no.  5;  December  1962),  pp.  1078-1087,  reprinted  under  the  seme  title 
In  G.  C.  Archibald,  ed..  The  Theory  of  the  Firm  (Penguin;  Middlesex, 
England;  1971),  pp.  318-327.  Though  the  sales  maximization  model  Is 
the  better  known  of  hls  two  models,  both  ere  discussed  in  chapter  two. 
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29.  Baumol,  Business  Behavior.  Value  and  Growth,  op.  clt. 

30.  Harris's  mdel  first  sppesrsd  In  R.  L.  Hsrrls,  "A  Model  of  the 
'Managerial'  Enterprise,"  Quarterly  Journal  of  Economics  (vol.  77; 
no.  2;  May  1963),  pp.  183-209,  and  has  been  reprinted  under  the 
sane  title  In  Gilbert,  op.  clt..  pp.  211-237.  A more  expanded 
development  of  the  model  Is  provided  In  R.  L.  Harris,  The  Economic 
Theory  of  'Managerial'  Capitalism,  op.  clt.  A revised  version  of 
the  Harris  model  Is  given  In  R.  L.  Harris,  "An  Introduction  to 
Theories  of  Corporate  Growth,"  in  R.  L.  Harris  and  A.  Wood,  eds.. 

The  Corporate  Economy;  Growth.  Competition  and  Innovative  Potential 
(Harvard  University  Press;  Cambridge,  Mass.;  1971),  ch.  1.  Both 
formulations  of  the  Harris  model  and  the  connection  between  them 
are  discussed  In  chapter  two.  The  managerial  utility  function 
discussed  In  the  text  appears  In  the  second  formulation  (though  not 
In  the  first). 

31.  Williamson's  model  first  appeared  In  0.  E.  Wllllemson,  "Managerial 
Discretion  and  Business  Behavior,"  American  Economic  Review  (vol.  S3; 
no.  5;  December  1963),  pp.  1032-1057,  reprinted  under  the  same  title 
In  Gilbert,  op.  clt..  pp.  238-266.  A simplified  version  of  the  model 
was  provided  In  0.  E.  Williamson,  The  Economics  of  Discretionary 
Behavior;  Managerial  Objectives  In  a Theory  of  the  Firm  (Prentice- 
Hall;  Englewood  Cliffs,  N.J.;  1964)  as  well  as  In  0.  E.  Williamson, 
Corporate  Control  and  Business  Behavior  (Prentice-Hall;  Englewood 
Cliffs,  N.J.;  1970),  ch.  A.  Both  versions  are  discussed  In  chapter 
two.  The  objective  function  referred  to  In  the  text  appears  In  the 
simplified  version  of  the  model. 

32.  The  literature  Is  extensive.  See,  for  example,  R.  Monsen  and 

A.  Downs,  "A  Theory  of  Large  Managerial  Firms,"  Journal  of  Political 
Economy  (vol.  73;  no.  3;  June  1965),  pp.  221-236,  reprinted  under 
the  same  title  In  Gilbert,  op.  clt..  pp.  347-370,  which  focuses  on 
goal  conflicts  among  the  different  layers  of  management;  R.  M.  Cyert 
and  J.  G.  March,  A Behavioral  Theory  of  the  Firm  (Prentice-Hall; 
Englewood  Cliffs,  M.J.;  1963);  K.  J.  Cohen  and  R.  M.  Cyert,  Theory 
of  the  Firm;  Resource  Allocation  In  a Market  Economy  (Prentice-Hall; 
Englewood  Cliffs,  N.J.;  1965),  ch.  16;  and  W.  J.  Baumol  and  M. 
Stewart,  "On  the  Behavioral  Theory  of  the  Firm,"  In  Harris  and  Wood, 
op.  clt..  ch.  5.  For  a concise  comparison  of  the  verlotia  views  of 
the  firm  and  Its  objectives  see  F.  Machlup,  "Theories  of  the  Firm: 
Marginalia t.  Behavioral,  Managerial,"  American  Economic  Review 
(vol.  57;  no.  1;  March  1967),  pp.  1-33. 

33.  Baumol  and  Stewart,  op.  clt..  pp.  118-120. 

34.  Harris  and  Wood,  op.  clt..  p.  xvll. 

35.  R.  E.  Wong,  "Profit  Maximisation  and  Alternative  Theorlaa;  A Dynamic 
Reconciliation,"  American  Economic  Review  (vol.  65;  no.  4;  September 
1975),  pp.  689-694.  This  argument  aasumma  that  the  optimum  size 
remains  constant  over  time.  If,  as  technological  change  occurs  and 
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as  the  economjr  expends,  the  optlmun  slxe  Increases,  firms  could 
continue  to  grow  at  a positive  rate  forever.  However,  unless  this 
optimum  size  could  continue  to  Increase  at  a sufficiently  high  rate 
(l.e.  faster  than  the  maximum  rate  at  which  flma  In  the  Industry 
could  expand),  there  would  still  have  to  be  a tendency  for  larger 
firms  to  grow  more  slowly  than  smaller  ones. 

36.  The  technology  of  production  for  each  firm  Is  eid>odled  In  a production 
function,  which  Is  a relationship  between  the  Inputs  a firm  employs 
and  the  outputs  It  produces.  Returns  to  scale  Is  an  attribute  of  the 
production  function.  For  the  simple  case  of  a firm  producing  a single 
commodity,  when  all  Inputs  are  Increased  by  a proportion  a , it  is 
said  that  there  ere  (1)  decreasing  returns  to  scale  If  output  Increases 
by  a proportion  smaller  than  a , (11)  constant  returns  to  scale  If 
output  Increases  by  the  proportion  a , and  (111)  Increasing  returns 
to  scale  If  output  Increases  by  a proportion  greater  than  a . With 
decreasing  returns  to  scale,  at  least  beyond  some  rate  of  output,  and 
with  constant  or  Increasing  Input  prices,  the  long  run  average  total 
cost  curve  will  eventually  turn  upward.  The  point  at  which  long  run 
average  total  cost  Is  minimized  defines  the  optimum  size  of  the  firm. 

37.  Harris  and  Wood,  op.  clt..  p.  xvll. 

38.  0.  E.  Williamson,  "Maitagerlal  Discretion,  Organization  Form,  and  the 
Multl-dlvlslon  Hypothesis,"  In  Harris  and  Wood,  op,  clt..  pp.  34>-386. 

39.  Harris  and  Wood,  op.  clt..  p.  xvll,  and  J.  L.  Eatwell, "crowth. 
Profitability  and  Size:  The  Empirical  Evidence,"  In  Harris  and  Wood, 
op.  clt..  pp.  399-408. 

40.  Galbraith,  op.  clt..  pp.  198-210. 

41.  Harris,  Hanagerlal  Capitalism,  op.  clt..  p.  177. 

42.  The  distinction  batsmen  'Internal*  and  'external'  growth  Is  different 
from  the  distinction  that  Is  made  below  between  'Internal'  and 
'external'  financing  (of  growth).  The  former  refers  to  whether  or 
not  the  Increased  physical  capital  stock  was  obtained  via  takeover, 
while  the  latter  refers  to  how  the  required  funds  (l.e.  financial 
resources,  or  money  capital)  were  raised.  For  example,  external 
growth  can  be  financed  Internally  by  using  retained  earnings  to  buy 

a controlling  Interest  in  another  firm  and  Internal  growth  can  be 
financed  externally  by  using  the  proceeds  of  e bank  loan  to  fund 
advertising  and  research  and  development. 

43.  To  obtain  a controlling  interest  In  another  firm,  e firm  must  purchase 
more  than  50  percent  (precisely,  at  least  50  percent  plus  one  share) 
of  the  outstanding  comzKm  stock  of  the  firm  that  la  being  taken  over. 

As  each  ahare  entitles  Its  owner  to  one  vote  at  the  annual  meeting  of 
stockholders,  and  aa  only  common  stock  confers  voting  rights, 
ownership  of  more  than  50  percent  of  the  outstanding  common  stock 
enables  the  possessor  (or  as  he  is  sometimes  called,  the  'takeover 
raider')  to  remove  the  former  management  team  and  substitute  his 
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own.  In  reality,  control  of  lees  than  SO  percent  of  the  comaon 
stock  may  still  give  one  flm  considerable  power  over  another  — 
possibly  even  effective  control  — but  the  term  'takeover*  Is  used 
in  this  paper  to  mean  ownership  of  at  least  50  percent  plus  one 
share  of  the  conmon  stock.  A related  term  Is  'merger',  and  while 
some  economists  prefer  to  draw  a distinction  between  a takeover  and 
a merger,  this  paper  uses  the  terms  Interchangeably. 

44.  Mergers  are  of  three  types:  (1)  vertical  mergers,  which  cake  place 
between  two  firms  Chat  lie  along  the  path  a product  takes  as  It 
moves  from  Its  original  raw  materlala  state  through  to  Its  final 
state  and  distribution  to  consumers;  (11)  horizontal  mergers,  which 
take  place  between  two  producers  of  the  same  product;  and 

(111)  conglomerate  mergers,  which  Include  all  mergers  not  covered 
by  (1)  or  (11).  Of  the  three,  the  Antitrust  Division  of  the  United 
States  Justice  Department  has  been  tolerant  only  of  the  third  form 
whenever  large  firms  are  Involved,  though,  as  evidenced  by  Its 
challenge  In  ITT's  takeover  of  Hartford  Insurance  and  Avis  Rent-A-Car, 
It  can  adopt  a stricter  stance  with  regard  to  conglomerate  mergers  as 
well. 

45.  L.  G.  Martin,  "The  500:  A Report  on  Two  Decades,"  Fortune  (May  1975), 
p.  239.  The  largest  500  Industrial  corporations  are  ranked  annually 
on  the  basis  of  total  sales  revenue. 

46.  Ibid.,  p.  239. 

47.  Ibid.,  p.  241. 

48.  L.  G.  Martin,  "How  Beatrice  Foods  Sneaked  Up  on  $5  Billion," 

Fortime  (April  1976),  p.  119. 

49.  Ibid.,  pp.  118-119. 

50.  Monsen  end  Downs,  op.  clt..  pp.  221-236,  and  0.  E.  Williamson, 
Managerial  Discretion.  OrEsnlzatlon  Form,  op.  clt..  pp.  343-386. 

51.  Ibid.,  p.  354. 

52.  See,  for  example,  B.  E.  Davis,  G.  J.  Caccappolo,  and  M.  A.  Chatulry, 

"An  Econometric  Planning  Modal  for  Amarlcan  Telephone  and  Telegraph 
Coq>any,"  Bell  Journal  of  Economics  and  Managemant  Science  (vol.  4; 
no.  1;  Spring  1973),  pp.  29-56. 

53.  0.  E.  Williamson,  Managerial  Discretion.  Organization  Form,  op.  clt.. 
pp.  343-386. 

54.  Ibid.,  pp.  353-368. 

55.  The  term  'uncertainty'  and  the  closely  related  term  'risk'  are 
defined  precisely  In  section  C of  this  chapter. 
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56. 


D.  Vickers,  The  Theory  of  the  Fii»;  Production,  Cspital.  and 
Finance  (McGraw-Hill;  New  York;  1968!),  and  E.R.  Arzac,  "Structural 
Planning  under  Controllable  Business  Risk,"  Journal  of  Finance 
(vol.  30;  no.  5;  Decenber  1975),  pp.  1229-1237. 

57.  The  basic  features  of  the  mean-variance  approach  are  set  out  in 

J.  Mossln,  Theory  of  Financial  Markets  (Prentice-Hall;  Englewood 
Cliffs,  N.J.;  1973),  and  also  in  J.  Hirschlelfer,  Investment. 
Interest,  and  Capital  (Prentice-Hall;  Englewood  Cliffs,  N.J.; 

1970),  pp.  277-310. 

58.  J.  Llntner,  "Optimum  or  Maximum  Corporate  Growth  under  Uncertainty, 
in  Marrls  and  Wood,  op.  cit..  pp.  172-241. 

59.  The  rudiments  of  time-state-preference  theory  are  set  out  in 

K.  J.  Arrow,  "The  Role  of  Securities  in  the  Optimal  Allocation 
of  Risk-Bearing,"  Review  of  Economic  Studies  (vol.  31;  no.  86; 

April  1964),  pp.  91-96,  and  also  in  Hlrshlelfer,  op.  cit.. 

pp.  231-276. 

60.  The  board  of  directors  is,  in  theory  at  least,  supposed  to 
represent  the  shareholders'  Interests.  Recently,  the  board 
system  has  come  under  heavy  criticism.  Typically,  in  large 
corporations  the  firm's  professional  managers  dominate  the  firm's 
board  of  directors  and  the  board  meets  only  once  a month  or 

once  a quarter.  All  too  often  the  board  of  directors  acts  as  a 
mere  rubber  stamp  for  management.  See  C.  C.  Brown,  Putting  the 
Corporate  Board  to  Work  (Macmillan;  New  York;  1976),  for  further 
discussion  on  this  point. 

61.  The  recent  well-publicized  firing  of  the  chairman  of  Gulf  Oil 
is  a good  example,  though  share  ownership  in  Gulf  is  not  widely 
dispersed,  but  rather,  is  heavily  concentrated  in  the  hands  of 
the  Mellon  family.  It  was  the  Mellon  interests  who  were  pri- 
marily responsible  for  the  ouster  of  Gulf's  chalrsian.  See  also 
footnote  9,  and  "Why  Insurgents  Hon  the  Day  at  Southdown," 

Business  Week  (July  19,  1976),  which  describes  how  a severe  drop 
in  the  profits  of  Southdown  Inc.  has  led  to  a fight  for  control 
of  the  company  that  so  far  has  resulted  in  three  dissident 
shareholders  being  elected  to  the  company's  board  of  directors. 

62.  Sec  Galbraith,  op.  cit..  pp.  77-80,  on  this  point. 

63.  Ibid.,  pp.  81-82. 

64.  Singh,  op.  cit..  pp.  148-149. 

65.  Diminishing  returns  means  that  the  addition  to  profit  (net  of 
outlays  for  resesrch  and  development)  that  results,  ceteris 
paribus,  from  each  additional  dollar  spent  for  research  and 
development  falls  as  research  and  development  spending  Is 
increased. 
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The  cern  'competitors'  is  used  here  loosely  to  refer  both  to 
other  producers  of  the  same  good  and  to  producers  of  different 
products  that  are  substitutes  for  the  good  In  question. 


68.  Harris,  Managerial  Capitalism,  op.  clt..  ch.  3 


For  example,  under  uncertainty  the  firm's  total  profit  In  any 
future  time  period  becomes  a random  variable.  Thus,  the  phrase 
'maximizing  total  profit'  becomes  meaningless,  and  a suitable 
objective  that  takes  Into  account  the  existence  of  uncertainty, 
such  as  maximizing  expected  profit  or  maximizing  the  expected 
utility  of  profit,  must  be  adopted.  This  point  Is  discussed 
further  In  chapter  two. 


This  distinction  between  'obtaining'  and  'characterizing 
solution  la  discussed  further  later  in  this  section. 


For  a brief  survey  of  these  techniques  see  M.  D.  Intrlligator 
Mathematical  Optimization  and  Economic  Theory  (Prentice-Hall; 
Englewood  Cliffs,  N.J.;  1971),  chs.  2-5. 


The  problems  associated  with  trying  to  specify  a collective 
utility  function  are  addressed  in  sections  G and  K of 
chapter  two. 


73.  See  footnote  72 


the  problem 

ze  f(x  ,X2)  subject  to  g(x  ,x  ) - b 

lulated  equivalently  as  the  unconstrained  problem 

ze  f(x.)  , provided  ag/Bx,  / 0 

constrained  problem 

ze  f(x,)  , provided  3g/3x,  ^ 0 ) . 


75.  To  be  able  to  convert  (2)  into  (3)  it  Is  necessary  and  sufficient 
that 


76.  See  aiAsectlon  2 in  section  G of  chapter  two 


77.  These  models  are  discussed  In  section  L of  chapter  two. 

78.  Five  such  models  are  discussed  In  section  L of  chapter  two. 

79.  See,  for  example,  the  Leland  model  In  section  L of  chapter  two. 

80.  This  Is  the  case  In  all  the  models,  other  than  Leland's,  that 
are  discussed  In  section  L of  chapter  two. 

81.  For  a survey  of  these  approaches  and  the  conditions  under  which 
each  Is  applicable  see  Intrlllgator , op.  clt..  chs.  11-14. 

A fuller  discussion  of  the  calculus  of  variations  and  Its 
economic  applications  appears  In  A.  Takayama,  Mathematical 
Econoadcs  (Dryden;  Hinsdale,  Illinois;  1974),  ch.  5,  and  a more 
detailed  discussion  of  Pontryagln's  maximum  principle  and  Its 
economic  applications  appears  In  Ibid. . ch.  8.  It  should  be 
noted  that  all  three  approaches  are  closely  related  mathematically. 
Indeed,  the  necessary  conditions  of  the  calculus  of  variations 
can  be  derived  from  Pontryagln's  maximum  principle.  Intrlllgator, 
op.  clt..  pp.  353-355.  It  should  also  be  noted  that,  of  the 
three  approaches,  the  maximum  principle  Is  often  the  most  useful. 

In  particular.  It  Is  superior  to  dynamic  programming  In  terms 
of  characterizing  the  nature  of  the  solution  to  (4) . 

82.  Slsdlarly,  Pontryagln's  maximum  principle  can  be  Interpreted  as 
an  extension  of  the  method  of  Lagrange  multipliers  to  dynamic 
optimization  problems.  For  more  on  this  point  see  ibid. . 

ch.  14. 

83.  Baumol  and  Stewart,  op.  clt..  pp.  119-120. 

84.  Ibid.,  p.  142. 

85.  It  should  be  noted  that  'Imperfect  Information'  and  'uncertainty' 
are  not  synonymous.  In  essence,  the  difference  Is  that,  under 
Imperfect  Information,  all  firms  do  not  have  free  and  equal 
access  to  all  available  Information  concerning  the  future,  while 
under  uncertainty,  all  firms  may  have  free  and  equal  access  to 
whatever  Information  Is  available,  but  that  Information  Is 
Insufficient  for  them  to  determine  what  the  future  holds  for 
them  with  certainty. 

86.  Such  a comparison  la  undertaken  In  the  discussion  of  the  Llntner 
model  In  section  J of  chapter  two. 

87.  From  a more  practical  standpoint.  It  remains  to  be  seen  whether 
such  a problra  could  be  formulated  for  a large  firm  and  be 

both  meaningful  in  a business  sense  and  tractable  mathematically. 
This  point  will  be  discussed  further  In  chapter  six  of  the 
author's  dissertation. 
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88.  This  definition  reflects  both  the  traditional  emphasis  placed 
on  the  productive  characteristics  of  the  firm  and  the  modern 
emphasis  placed  on  the  organizational  chacacterlstlcs  of  the 
firm.  For  an  example  of  the  former,  see  Intrlllgator , op.  clt.. 
p.  178,  and  for  an  example  of  the  latter,  see  Harris,  A Model 

of  the  'Managerial*  Enterprise,  op.  clt..  p.  191. 

89.  Specifically,  the  corporation  Is  able  to  raise  larger  sums  of 
money.  Its  existence  does  not  cease  when  one  of  Its  owners  dies, 
and  Its  owners  enjoy  limited  liability  (to  the  extent  of  their 
shareholdings)  for  the  debts  of  the  corporation. 

90.  R.  Sherman,  The  Economics  of  Industry  (Little,  Brcwn;  Boston; 
1974),  p.  215. 

91.  For  a discussion  of  these  difficulties  see  ibid. . pp.  215-216. 

92.  For  a comprehensive  treatment  of  the  aerospace  industry  In 
general,  and  Its  composition  under  different  definitions  of  the 
Industry,  see  W.  C.  Rldder  and  M.  K.  Heinz,  "Structure,  Conduct, 
and  Performance  of  the  United  States  Aerospace  Industry," 
unpublished  M.S.  thesis  (Naval  Postgraduate  School;  Monterey, 
Calif.;  March  1976). 

93.  For  example.  In  defining  the  military  airframe  Industry,  Stekler 
Includes  Martin-Marietta,  which  at  the  time  of  his  study  was 

a major  producer  of  missiles,  though  It  no  longer  produced 
airplanes.  H.  0.  Stekler,  The  Structure  and  Performance  of  the 
Aerospace  Industry  (University  of  California  Press;  Berkeley; 
1965),  p.  47.  In  a later  study,  Carroll  adopted  a wider  defini- 
tion, Including  In  addition  to  Martin-Marietta,  other  missile 
producers.  S.  L.  Carroll,  "The  Airframe  Industry,"  unpublished 
Ph.D.  dissertation  (Harvard  University;  Cambridge,  Mass,; 

August  1970),  ch.  II. 

94.  Shephard  has  established  the  conditions  that  must  be  satisfied 
In  order  that  the  firm's  production  relations  can  be  expressed 
In  Implicit  form  as  In  (5).  See  R.  W.  Shephard,  Theory  of  Cost 
and  Production  Functions  (Princeton  University  Press;  Princeton; 
1970)  and  R.  W.  Shephard  and  R.  Fare,  "The  Law  of  Diminishing 
Returns,"  Zeltschrlft  fur  Natlonalokonomle  (vol.  34;  nos.  1-2; 
1974),  pp.  69-90. 

95.  G.  Bannock,  R.  E.  Baxter,  and  R.  Rees,  The  Penguin  Dictionary 
of  Economics  (Penguin;  Middlesex,  England;  1972),  p.  55.  It 
should  be  noted  that  the  awasurement  of  capital  Involves  a number 
of  difficult  lasues,  as  for  example,  whether  equipment  should  be 
valued  at  historic  cost  net  of  depreciation,  at  replacement  cost, 
at  current  market  (l.e.  salvage)  value,  or  on  some  other  basis. 
For  more  on  this  see  J.  Robinson,  "The  Production  Function  and 
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(vol.  21;  1953-4),  pp.  112-135;  and  G,  C.  Harcourt,  Soae  Caii?rldite 
Controversies  In  the  Theory  of  Capital  (Caabrldge  University  Press; 
Cambridge;  1972).  It  should  also  be  noted  that  a more  general 
definition  of  the  first's  capital  stock  has  been  suggested  by 
Uzawa,  who  defines  the  capital  stock  to  Include  "managerial  and 
adailnlstratlve  abilities  of  the  firm  as  well  as  the  quantltes 
of  physical  factors  of  production  such  as  stachinery  and  equipment." 
See  H.  Uzawa,  "Time  Preference  and  the  Penrose  Effect  In  a 
Two-Class  Model  of  Econosdc  Growth,"  Journal  of  Political  Econoisy 
(vol.  77;  no.  4,  part  2;  July-August  1969),  pp.  628-652.  Though 
quantification  Is  difficult,  Uzawa  does  suggest  how  an  Index  for 
measuring  the  aggregate  stock  of  corporate  assets  might  be 
constructed.  Ibid. . pp.  637-639. 

96.  P.  A.  S.  Taylor,  A New  Dictionary  of  Economics.  2nd  ed., 

(Routledge  & Kegan  Paul;  London;  1969),  pp.  26-27.  defines  37 
different  types  of  capital.  For  an  In-depth  discussion  of 
several  different  types  of  capital  see  Hirshlelfer,  op.  clt.,  ch. 

6. 

97.  It  Is  In  the  sense  of  money  capital  — the  aaiounC  of  money  avail- 
able for  purchasing  some  Item  — that  the  term  capital  appears  In 
common  usage. 

98.  The  role  of  the  firm's  financial  policy  Is  carefully  examined  In 
sections  I and  K of  chapter  two. 

99.  See,  for  example,  D.  Solomons,  "Economic  and  Accounting  Concepts 
of  Income,"  In  R.  H.  Parker  and  G.  C.  Harcourt,  eds..  Readings 
In  the  Concept  & Measurement  of  Income  (Caai>rldge  University 
Press;  Caid>rldge;  1969),  pp.  106-119.  For  a fuller  discussion 
of  the  difficulties  encountered  In  defining  and  measuring  profit 
see  E.  0.  Edwards  and  P.  W.  Bell,  The  Theory  and  Measurement  of 
Business  Income  (University  of  California  Press;  Berkeley; 

1972) . 

100.  For  definitions  of  the  various  accounting  notions  of  profit  see 
G.  A.  Welsch  and  R.  N.  Antiiony,  Fundamentals  of  Financial 
Accounting  (Irwin;  Homewood,  Illinois;  1974),  ch.  3. 

101.  The  residual  left  after  opportunity  costs  have  been  charged  against 

all  Inputs  consists  of  normal  profit  plus  excess  profit.  Normal 
pn.oitt  Is  that  amount  of  profit  that  Is  Just  sufficient  to  cause 
the  firm  to  remain  In  its  present  industry.  In  a world  of 
certainty  and  perfact  competition,  normal  profit  Is  zero  for  all 
firms  In  long  run  equilibrium.  Under  uncertainty,  however,  normal 
profit  need  not  be  zero.  Exce44  as  the  term  Implies,  Is 

profit  over  and  above  normal  profit.  It  nay  arise  as  a result 

of  monopoly  power,  a successful  Innovation,  or  a windfall  gain. 

102.  The  above  definition  of  profit  Is  appropriate  for  a single  period 
model  of  the  firm.  In  a multiperiod  setting,  however,  specifying 
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exactly  what  conatltutea  profit  becomes  more  difficult.  In 
models  of  the  firm  profit  Is  corporate  Income  that  Is  available 
for  distribution  to  the  shareholders  as  dividends.  That  portion 
not  distributed  as  dividends  Is  called  retained  earnings  and  Is 
available  for  expenditure  on  plant  and  equipment.  Since  one 
plerod's  expenditures  and  pricing  policies  can  affect  the  firm's 
profitability  In  future  periods,  the  definition  of  profit  should 
reflect  this  Intertemporal  dependence.  One  might  then  want  to 
define  profit  as  the  maximum  aisount  the  firm  could  distribute 
as  dividends  and  still  expect  to  be  able  to  distribute  the  same 
amount  In  each  ensuing  period.  This  definition  Is  based  on  Hick's 
Income  No.  2.  See  J.  R.  Hicks,  Value  and  Capital.  2nd  ed.  (Oxford 
University  Press;  Oxford;  1946),  ch.  14.  It  Is  the  definition 
used  by  Krouse,  whose  model  Is  discussed  In  section  L of  chapter 
two.  See  C.  G.  Krouse,  "On  the  Theory  of  Optimal  Investment, 
Dividends,  and  Growth  In  the  Firm,"  American  Economic  Review 
(vol.  63;  no.  3;  June  1973),  p.  271.  A similar  definition  that 
explicitly  takes  Into  account  the  existence  of  uncertainty  has 
been  proposed  by  John  Llntner.  Specifically,  profit  for  any 
period  Is  "the  maximum  cash  dividend  which  (expectatlonally) 
could  be  paid  In  that  period  consistent  with  {pfLO- iofunCL)  no 
outside  financing  and  with  equally  large  cxpcclcd  vaJUiU  of  the 
(level  stream  of)  dividends  which  could  be  paid  In  future  periods 
8ii>Ject  to  the  same  pfio-^ofuna  financing  constraint."  (Italics  and 
parentheses  are  Llntner's).  See  J.  Llntner,  "Optimal  Dividends 
and  Corporate  Growth  Under  Uncertainty,"  Quarterly  Journal  of 
Economics  (vol.  78;  no.  1;  February  1964),  p.  55.  The  Llntner 
model  is  discussed  In  section  J of  chapter  two. 


In  the  business  literature  reported  profit  Is  frequently 
referred  to  as  'earnings'.  Henceforth  In  this  paper  the  terms 
'reported  profit',  'net  Income",  and  'earnings"  are  used 
synonomously. 


As  demonstrated  in  section  G of  diapter  two,  discretionary  profit 
normally  exceeds  reported  profit  for  the  managerial  firm  since 
such  a firm's  managers  will  tend  to  spend  more  on  advertising, 
more  on  staff,  etc.,  than  a profit  maximizing  firm. 


This  definition  differs  somewhat  from  Oliver  Hllllemson's  defini- 
tion of  discretionary  profit.  According  to  the  Williamson  definl' 
tlon,  discretionary  profit  Is  reported  profit  (net  of  tax)  less 
the  minimum  after-tax  profit  "necessary  to  assure  the  Inter- 
ference-free operation  of  the  firm  to  the  managesmnt."  See 
0.  E.  Uilllaamon,  Managerial  Discretion  and  Business  Behavior, 
op.  clt..  p.  1035.  The  definition  In  the  text  Is  preferred 
since  managers  exercise  some  discretion  In  setting  expenditure 
levels  for  research  and  developmant,  advertising,  etc.,  which 
arc  subtracted  out  when  reported  profit  Is  calculated. 


107.  Harris,  Theories  of  Corporate  Growth,  op.  clt..  p.  19. 


108.  See  P.  A.  Sastuelson,  Foundations  of  Ef-ono«<c  Analysis  (Harvard 
University  Press;  Cairfcrldge,  Mass.;  1947),  chs.  5,7. 

109.  Ibid. . pp.  107-112;  P.  A.  Sasiuelson,  "Consunptlon  Theory  In 
Terns  of  Revealed  Preference,"  Economics  (new  series,  vol.  15; 
no.  60;  November  1948),  pp.  243-253;  H.  S.  Houthakker,  "Revealed 
Preference  and  the  Utility  Function,"  Economics  (new  series, 
vol.  17;  no.  66;  May  1950),  pp.  159-174;  and  J.  R.  Hicks,  A 
Revision  of  Demand  Theory  (Clarendon  Press;  Oxford;  1956). 


110.  In  the  simple  case  of  a utility  function  having  two  arguments, 
the  Indifference  map  consists  of  a collection  of  curves,  which 
are  typically  drawn  convex  to  the  origin  as  In  the  figure  to 
the  right.  Along  each  curve, 
all  combinations  yield  the 
same  level  of  utility.  For 
exaaple,  A and  B are 
equally  satisfying.  If  the 
axioms  of  revealed  preference 
are  satisfied  — and.  In 
essence,  these  require  that 
an  Individual's  preferences 
exhibit  consistency  and 
transitivity  — the  references  q 

given  In  footnote  109  show  that  the  existence  of  such  curves, 
as  well  as  several  la^ortant  theorems  that  verify  that  the 
Indifference  curves  obtained  via  revealed  preference  eidilblt 
the  baalc  properties  that  such  curves  have  long  been  assumed 
to  possess,  can  be  proved. 


111.  How  such  a test  procedure  works  in  consumer  theory  is  described 
In  J.  M.  Henderson  and  R.  E.  Quandt,  Microeconomic  Theory;  A 
Mathematical  Approach.  2nd  ed.  (McGraw-Hill;  New  York;  1971), 
pp.  39-42. 

112.  Penrose,  op.  clt. . p.  199.  A discussion  of  various  messucea  of 
die  slae  of  ^Ims  Is  contained  In  G.  Schroeder,  The  Growth  of 
Major  Steel  Companies.  1900-1950  (Johns  Hopkins  Press;  Baltimore; 
1952),  pp.  24-35. 

113.  N.  R.  Collins  and  L.  E.  Preston,  "The  Slxe  Structure  of  the 
Largest  Industrial  Firms,  1909-1958,"  American  Economic  Review 
(vol.  51;  no.  5;  December  1961),  pp.  986-1011,  use  book  value 
of  total  assets;  J.  M.  Samuels,  "Slxe  and  the  Growth  of  Firms," 
Review  of  Econo^c  Studies  (vol.  32;  no.  90;  April  1965), 

pp.  105-112,  and  A.  Singh  and  G.  Whittington,  Growth.  Profitability 
and  Valuation  (Cadirldge  University  Press;  Cambridge;  1968)  use 
book  value  of  net  assets;  J.  Stelndl,  Random  Processes  and  the 
Growth  of  Firms  (Hefner;  New  York;  1965^  and  W.  J.  Baumol.  On 
the  Theory  of  Expansion  of  the  Firm,  op.  clt..  use  sales  revenue; 
P.  B.  Hart,  "The  Slxe  and  Growth  of  Flivis."  Economlca  (new  series. 
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vol.  29;  no.  113;  February  1962),  pp.  29-39,  uses  the  stock 
narket  value  of  the  firm;  and  J.  Stelndl,  Small  and  Big  Business 
(Blackwell;  Oxford;  1945)  uses  the  total  nunber  of  employees 
as  an  indicator  of  the  size  of  the  firm. 

114.  Harris,  A Model  of  the  ’Managerial*  Enterprise,  op.  clt..  p.  192. 

In  order  that  the  different  measures  of  size  yield  perfectly 
equivalent  results.  It  Is  necessary  chat  the  firm  be  on  a steady 
state  growth  path.  However,  this  Is  at  best  an  approximation  Co 
reality.  Unless  care  Is  taken  In  selecting  the  period  over  which 
growth  Is  to  be  measured,  changes  In  factor  proportions  (as  the 
firm  adjusts  to  technological  change  or  to  changes  In  demand)  or 
rapid  bursts  of  takeover  activity  coupled  with  falling  profita- 
bility can  cause  these  different  indicators  of  size  to  yield 
conflicting  signals.  Generally,  the  longer  the  time  period 
Involved,  Che  greater  Is  Che  likelihood  that  these  short  term 
distortions  would  be  smooched  out,  and  the  greater  would  be  the 
likelihood  that  Che  different  measures  of  size  would  be  highly 
correlated.  See  the  n<;xt  footnote  for  a reference. 

115.  J.  Bates,  "Alternative  Measures  of  the  Size  of  Firms,"  In  P.  E. 

Hart,  Studies  In  Profit,  Business  Saving  and  Investment  In  the 
United  Kingdom,  1920-1962.  vol.  I (Allen  & Unwin;  London;  1965) , 
ch.  8. 

116.  This  Is  the  measure  of  size  used  In  Harris,  A Model  of  the 
’Managerial*  Enterprise,  op.  clt.,  p.  192. 

117.  What  follows  Is  a brief  discussion  of  the  distinguishing  features 
of  the  four  types  of  market  structure.  For  a more  precise  economic 
definition  of  each  of  the  market  structures  see  S.  C.  Webb, 
Managerial  Economics  (Houghton  Mifflin;  Boston;  1976),  ch.  20. 

An  excellent  description  of  the  economic  significance  of  each 
of  these  market  structures  may  be  found  In  either  Sherman,  op.  clt.. 
or  F.  M.  Scherer,  Industrial  Market  Structure  and  Economic 
Performance.  (Rand  McNally;  Chicago;  1970).  Monopoly,  oligopoly, 
and  monopolistic  competition  are  often  collectively  referred  to 
as  ^peA^ect  compcjUjUon. 

118.  The  dividing  line  between  oligopoly  and  monopolistic  competition 
Is  not  well-marked.  For  exaaqtle,  an  Industry  that  consists  of 
five  large  producers  and  twenty  small  producers  will  behave  more 
In  accordance  with  the  oligopolistic  model  the  smaller  Is  the 
twenty  small  producers'  collective  share  of  the  market.  For 
this  reason  Utton  eschews  the  less  precise  notions  of  oligopoly 
and  monopolistic  competition  In  favor  of  structural  character- 
istics specified  In  terms  of  the  nuai>er  of  firms,  the  extent  of 
Industrial  concentration  (percentage  of  sales  rung  up  by  the  top 
four  firms),  and  the  size  ratio  of  firms  (the  average  size  of 
the  largest  three  firms  divided  by  the  average  size  of  all  other 
firms  In  the  Industry),  in  his  study  of  how  market  structure 
Influences  the  behavior  of  firms.  See  M.  A.  Utton,  Indtistrial 
Concentration  (Penguin;  Middlesex,  England;  1970) . 
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119.  See  the  references  listed  In  footnote  146 


This  distinction  was  first  emphasized  In  F.  H.  Knight,  Risk 
Uncertainty  and  Profit  (Houghton  Mifflin;  New  York;  1921) . 


See  Arrow,  Optimal  Allocation  of  Risk-Bearing,  op.  clt.; 

K.  J.  Arrow,  itopects  of  the  Theory  of  Risk-Bearing  (YoTo 
Johnssonln  Saatlo;  Helsinki;  1965);  and  G.  Debreu,  The  Theo 
of  Value  (Wiley;  New  York;  1959),  ch.  7. 


The  opposite  sort  of  behavior  Is  called  A^k  4ee.lu/ig  behavior 
and  the  ln<^etween  case  Is  A^cik  neoCAttf  behavior. 


124.  This  type  of  behavior  Is  explained  in  terms  of  the  dimatc&fuJig 
ma/ig^naZ  utiXJUtij  Uitowe.:  the  Increase  In  utility  that  would 
result  from  winning  the  ganble  Is  smaller  than  the  decrease 
In  utility  that  would  result  from  a corresponding  equlprobable 
loss.  See,  for  example,  Hlrshlelfer,  op.  clt.,  pp.  224-226. 


In  contrast,  the  Indifference  curves  for  a risk  seeking  Individual 
would  bend  downward  and  to  the  right,  as  Illustrated  In  Figure 
A,  and  the  Indifference  curves  for  a risk  neutral  Individual 
would  be  horizontal,  as  Illustrated  In  Figure  B. 


Indifference  Curves 
for  a Risk  Seeker 


Figure  B Indifference  Curves 

Under  Risk  Neutrality 


Ibid. . ch.  8.  This  point  Is  developed  further  In  section  K 
of  chapter  two,  where  several  expected  utility  maximization  models 
due  to  Leland  are  discussed. 


Takeovers  are  of  three  types:  hofu.zontaJtt  which  Involve  producers 
of  the  same  product,  or  similar  products  that  are  sold  In  the  same 
market,  vtAtitaJt,  which  Involve  firms  that  operate  at  different 
stages  of  the  same  Industrial  process,  and  cong^omeAote,  which 
Include  takeovers  other  than  those  of  the  horizontal  and  vertical 
varieties.  For  a discussion  of  the  economic  significance  of  these 
three  types  of  takeovers,  see  Sherman,  op.  clt. . eh.  10.  The 
significance  of  this  distinction  is  that  the  takeover  wave  in 
the  United  States  in  the  late  1960's  was  concentrated  in  the  third 
category  of  takeover. 


128.  Singh,  op.  clt..  p.  xl,  *nd  D.  A.  Kuehn,  Takeovera  and  the  Theory 
of  the  Flr»;  An  Empirical  Analysis  for  the  United  Kingdom. 

1957-1969  (Macalllan;  London;  1975),  pp.  38-39.  Kuehn  describes 
a procedure  for  reclassifying  as  a takeover  what  is,  strictly 
speaking,  a nerger.  The  procedure  entails  identifying  the  acquiring 
firm  and  the  acquired  firm  on  the  basis  of  the  contributions 
of  each  partner  to  the  manageinent  of  the  merged  firm.  Ibid., 
pp.  39,  157-161. 


129.  Ibid. . p.  39.  For  a discussion  of  the  motivations  underlying 
mergers  and  takeovers  see  P.  0.  Steiner,  Mergers ; Motives . 
Effects.  Policies  (University  of  Michigan  Press;  Ann  Arbor;  1975). 
A convenient  suanary  of  the  economic  theory  of  takeovers  and  a 
survey  of  some  recent  empirical  results  are  provided  in  B. 

Bindley,  "Recent  Theory  and  Evidence  on  Corporate  Merger," 
in  Cowling,  op.  cit..  pp.  1-17. 

130.  Singh,  op.  cit..  pp.  148- 1A9. 

131.  Harris,  Managerial  Capitalism,  op.  cit..  ch.  4,  and  Penrose, 
op.  cit..  ch.  8. 

132.  Harris,  Managerial  Capitalism,  op.  cit..  p.  30. 

133.  The  difference  between  a depression  and  s recession  is  largely 
a matter  of  degree.  While  both  Involve  a reduction  in  the 
aggregate  level  of  economic  activity  (as  measured  by  gross 
national  product  (GNP) , l.e.  the  nation's  output  of  goods  and 
services) , a depression  Involves  a deeper  and  more  prolonged 
drop  in  GNP. 

134.  Harris,  Theories  of  Corporate  Growth,  op.  cit..  p.  13. 

135.  R.  Harris,  "Why  Economics  Needs  A Theory  of  the  Firm,"  Economic 
Journal  (vol.  82;  no.  325s;  March  1972  (Supplement)),  p.  321. 

136.  Machlup,  op.  cit..  p.  9. 

137.  Harris,  Why  Economics  Needs  A Theory  of  the  Firm,  op.  cit.. 
p.  321. 

138.  For  a brief  discussion  of  the  issues  involved  see  A.  Wood, 
"Economic  Analysis  of  the  Corporate  Economy:  A Survey  and 
Critique,"  in  Harris  and  Wood,  op.  cit..  pp.  64-65. 

139.  0.  E.  Williamson  argues  that  the  internal  allocation  (between 
the  divisions  of  a conglomerate)  of  capital  is  more  efficient 
than  that  achievable  by  the  stock  market  (between  single  product 
firms)  due  to  superior  internal  information  flows  and  more 
effective  internal  control.  Sea  0.  E.  Williamson,  Managerial 
Discretion.  Organiration  Form,  op.  cit..  pp.  368-377. 

C> 
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lAO.  G.  Wllllu  Miller,  Chairman  of  Textron,  Inc.,  argues  chat  only 
large  diversified  companies  can  bear  Che  risks  Inherent  In 
producing  large  expensive  weapons  systems  for  the  government. 

See  C.  N.  Stabler,  "Impact  of  Big  Conblnes  on  Che  Econony 
Defies  Old-Fashioned  Analysis,"  Wall  Street  Journal  (August 
12,  1968). 

141.  One  question  of  current  Interest  Is  the  following.  Should  Che 
major  oil  companies  be  broken  up?  One  of  the  central  Issues 
concerns  the  extent  to  which  the  Internalization  of  certain 
market  transactions  — through  vertical  Integration  — has  resulted 
In  excessively  high  prices,  and  as  a result,  abnormal  profits. 

See  J.  Carberry,  "Big  Oil  Besieged:  Is  Industry  Too  Strong? 

Its  Opponents  Say  Yes  And  Call  for  a Breakup,"  Wall  Street  Journal 
(February  9,  1976),  and  "The  flaky  arguments  over  breaking  uP 
big  oil,"  Business  Week  (August  16,  1976). 

142.  Economic  consultant  G.  C.  Means  blamed  roughly  half  the  Inflation 
during  the  current  recession  on  Industries  In  which  there  Is 
little  price  competition.  See  "Industries  With  Little  Competition 
Cited  For  About  Half  of  Recession's  Inflation,"  Wall  Street 
Journal  (April  15,  1975). 

143.  Numerous  economists  have  argued  that  Che  large  diversified 
corporation  Is  more  conducive  to  economic  growth  than  single 
product  firms.  For  example,  see  Wood,  op.  clt.,  p.  65,  where 

It  is  argued  chat  economies  of  scale  In  planning  and  forecasting 
and  In  developing  new  products,  as  well  as  more  effective  Internal 
control  give  Che  conglomerate  organization  an  advantage.  See 
also  A.  Wood,  A Theory  of  Profits  (Cambridge  University  Press; 
Cambridge;  1975),  for  a discussion  of  related  micro-macro  Issues. 

144.  A survey  of  these  aiodels  Is  provided  In  L.  Engwall,  Models  of 
Industrial  Structure  (0.  C.  Heath;  Lexington,  Mass.;  1973). 

While  Engwall  considers  separately  simulation  models  using  discrete 
size  and  slanilatlon  models  using  continuous  size,  this  paper 
treats  them  collectively.  It  should  be  noted  that  one  other 
approach  a game  theoretic  one  — has  also  been  attempted. 
Unfortunately,  the  game  theoretic  approach  has  thus  far  proven 
to  be  less  amenable  than  these  others  to  empirical  testing. 

R.  Marrls,  "The  Modem  Corporation  and  Economic  Theory,"  In 
Marrls  and  Wood,  op.  clt..  pp.  283-304,  describes  a game  theoretic 
model  that  allows  for  the  entry  and  exit  of  firms.  Gaaie  theory, 
as  applied  to  duopoly.  Is  discussed  In  section  C of  chapter  two 
of  this  paper. 

145.  In  Biodels  using  discrete  size  this  mesns  specifying  the  distri- 
bution of  firms  among  the  discrete  slsa  classes,  and  in  ax>dels 
using  continuous  size  this  means  Identifying  the  contlnuoua 
distribution  that  characterizes  firm  size.  In  both  cases  It 

Is  really  how  the  distribution  is  changing  over  time,  and  the 


96 


asyvptotlc  distribution  toward  which  the  sequence  of  actttal 
distributions  at  succasslve  points  In  tlaa  is  converging  (If 
such  a distribution  exists),  that  is  of  prlasry  Interest. 


J.  S.  Bain,  "Changes  In  Concentration  In  Manufacturing  Industries 
In  the  United  States,  1954-1966:  Trends  and  Relationships  to 
the  Levels  of  1954  Concentration,"  Review  of  Econoidcs  and 
Statistics  (vol.  52;  no.  4;  Noveaber  1970),  pp.  411-416.  Con- 
centration has  not  increased  In  all  Industries,  and  It  has  tended 
to  lucrease  least  In  those  Industries  that  grew  most  rapidly. 

See  W.  P.  Mtieller,  "Industrial  Structure  and  Conpetitlon  Policy," 
In  Studies  by  the  Staff  of  the  Cabinet  Coasilttee  on  Price  Stablllf 
(Washington,  D.C.;  January  1969),  p.  62,  and  J.  F.  Weston  and 
S.  I.  Omsteln,  "Trends  and  Causes  of  Concentration  — A Survey," 

In  J.  F.  Weston  and  S.  I.  Omsteln,  eds..  The  lapact  of  Large 
Firms  on  the  U.S.  Economy  (D.  C.  Heath;  Lexington,  Mass.;  1973), 
pp.  3-21.  Aggregate  concentration,  as  measured  by  the  percentage 
of  total  manufacturing  corporation  assets  controlled  by  the 
largest  100  firms,  has  also  Increased.  See  Scherer,  op.  clt.. 
pp.  41-44.  Both  trends  are  observable  In  other  countries.  See 

K.  D.  George,  "The  Oianging  Structure  of  Competitive  Industry," 
Economic  Journal  (vol.  82;  no.  325s;  March  1972  (Supplement)), 
pp.  353-368;  K.  D.  George,  "A  Note  on  Changes  In  Industrial 
Concentration  In  the  United  Kingdom,"  Economic  Journal  (vol. 

85;  no.  337;  March  1975),  pp.  124-128;  and  Scherer,  op.  clt.. 
pp . 44-45 . 


The  prevailing  view  is  that  greater  concentration  — l.e.  greater 
departures  from  the  competitive  Ideal  -*  result  in  higher  prices, 
more  excessive  profits,  and  a less  efficient  allocation  of  the 
economy's  scarce  productive  resources.  See  R.  E.  Caves,  American 
Industry;  Structure.  Conduct.  Performance.  3rd  ed.  (Prentice- 
Hall;  Englewood  Cliffs,  N.J.;  1972)  and  J.  S.  Bain,  "Relation  of 
Profit  Rates  to  Industry  Concentration,"  Quarterly  Journal  of 
Economics  (vol.  65;  no.  3;  August  1951),  pp.  293-324.  See  also 
J.  S.  Bain,  Industrial  Organization.  2nd  ed.  (Wiley;  New  York; 
1968);  J.  S.  Bain,  Barriers  to  New  Competition  (Harvard  University 
Press;  Cambridge,  Mass.;  1956);  J.  M.  Blair,  Economic  Concentration 
(Harcourt,  Brace,  and  Jovanovlch;  New  York;  1972);  B.  Bock  and 
J.  Farkas,  "Concentration  and  Productivity,"  SBE  No.  103  (The 
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Economic  Journal  (vol.  85;  no.  340;  December  1975),  pp.  741-809. 
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199.  For  references  see  footnotes  140  and  141. 


103 


II.  MODELS  or  THE  FIKM 

A.  INTRODUCTION 

1.  Overview  of  the  Chapter 

This  chapter  surveys  the  econoalc  literature  dealing  with  the 
theory  of  the  fin.  Discussed  in  this  chapter  are  a collection  of 
models  of  the  firm  that,  in  the  opinion  of  this  writer,  form  a cross 
section  of  the  models  that  constitute  the  theory  of  the  firm. 

The  models  selected  include  those  that  have  been  cited  most  fre- 
quently in  the  literature,  and  in  addition,  several  recent  models  whose 
contributions  to  the  theory  of  the  firm  were  Judged  by  this  writer  to 
be  significant  — either  because  a more  general  treatment  of  the  firm 
was  given  or  because  a novel  modeling  approach  was  employed  (or  both) . 

A total  of  thirty  models  are  discussed.  These  are  listed  in 
table  11-34  on  page  which  provides  a susaiary  look  at  their  economic 
content,  and  also  in  table  II-3S  on  page  444,  which  provides  a susmiary 
look  at  the  mathematical  techniques  employed  in  their  analysis.  Uhile 
the  information  these  tables  convey  will  be  more  meaningful  to  the 
reader  after  he  has  read  sections  B through  L,  the  reader  may  still 
find  it  helpful  to  refer  to  these  tables  during  the  course  of  this 
introductory  section.  The  next  sii>sectlon,  which  discusses  the  com- 
ponents of  the  analytical  fraawwork  that  is  used  throu^out  the  chapter, 
explains  the  meaning  and  significance  of  the  catagorias  of  information 
suHsrisad  in  the  two  tables.  The  reader  may  also  find  it  helpful  to 
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refer  to  cheee  tables  ss  he  reeds  through  bhe  chapter  in  order  to 
appreciate  better  the  distinguishing  features  of  each  model. 

In  selecting  models  for  Inclusion  In  this  chapter,  the  author 
decided  for  analytical  ptirposes  to  treat  the  principal  variations  of 
each  of  several  basic  models  separately.  That  is,  the  list  of  thirty 
Includes  oMny  models  that  are,  along  with  one  or  two  other  models  on 
the  list,  variations  of  the  same  basic  model.  The  three  models  of  the 
firm  under  perfect  competition,  the  two  Baumol  models,  the  two  Harris 
models,  the  two  Vickers  models,  the  three  Llntner  models,  the  Leland 
quantity-setting  and  price-setting  models,  and  the  two  Meyer  oiodels 
could  In  each  case  be  thought  of  as  variants  of  a basic  model.  In  the 
discussion  below,  each  of  these  variants  Is  treated  separately  and  the 
characteristics  of  each  are  sumaarlzed  separately,  but  care  Is  also 
taken  to  Indicate  the  relationships  that  exist  among  the  variants  of 
each  basic  model. 

In  this  writer's  opinion,  treating  these  variants  as  separate 
models  helps  clarify  the  analysis.  In  sosie  cases,  for  example  the 
Baumol  and  Harris  models,  the  two  versions  were  in  each  case  developed 
sequentially,  and  treating  the  versions  separately  has  the  advantage  of 
making  the  development  of  the  basic  modal  stand  out  more  clearly.  In 
other  cases,  for  example  the  Leland  quantity-setting  and  price-setting 
models,  the  two  variants  explore  and  compare  the  economic  Implications 
of  two  different  types  of  behavior  on  the  part  of  the  firm.  In  yet  other 
cases,  for  example  the  Vickers,  Llntnar,  and  Mayer  models,  the  variations 
of  the  basic  model  represant  successive  modifications  that  relax 
restrictive  assumptions  — and  thereby  make  the  basic  modal  more  realistic. 
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Treating  the  varsiona  of  each  of  thasa  aodals  saparately  (aa  cha 

t 

authors  did  originally)  has  the  advantage  of  bringing  out  the  effects 
of  the  restrictive  assuaption(s)  sore  clearly. 

The  aodels  discussed  in  this  chapter  are  presented  in  aK>re  or 
less  chronological  order,  beginning  with  the  traditional  models  of  the 
firm,  and  then  following  the  evolution  of  the  theory  of  the  firm  through 
the  more  sophisticated  treatments  given  to  the  objectives  of  the  firm, 
to  the  links  between  the  firm's  financial  decisions  and  Its  operating 
decisions,  to  the  behavior  of  the  firm  under  uncertainty,  to  the  be- 
havior of  the  firm  in  disequilibrium,  and  to  the  behavior  of  the  firm 
in  a aniltiperlod  context.  Each  of  the  models  is  carefully  set  out 
and  analyzed,  and  the  contributions  of  each  to  the  theory  of  the  firm 
are  evaluated  in  terms  of  the  aforementioned  attributes. 

The  remainder  of  this  section  discusses  first,  the  analytical 
framework  that  is  used  throughout  the  chapter  to  characterize  and  to 
assess  the  contributions  of  the  thirty  models,  and  second,  the  sources 
and  uses  of  the  accounting  Information  that  will  be  needed  In  later 
sections  of  the  chapter.  In  connection  with  the  latter,  the  accounting 
information  Is  related  to  the  concepts  of  'capital*  and  'profit'  that 
were  defined  In  chapter  one,  as  well  as  to  other  concepts,  such  as  'debt' 
and  'equity',  that  arc  of  critical  Importance  In  models  that  Incorpor- 
ate a role  for  the  firm's  financial  policies. 

2.  Characterization  of  the  Hodels  of  the  Firm 

I 

Each  of  the  models  discussed  In  sections  B through  L Is  classl-  I 

1 

fled  on  the  basis  of  the  firm's  supposed  objective (s)  as  txaud/JJjOmtt 

manageA^i/Ut  beJhavioKeUt.,  or  modtAn  tAxulitionat,  In  the  traditional  j 
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M Indicated  In  table  11-34 


the  objective  of  the  flni  la  to 


xlalze  total  profit.  In  the  managerial  models  Its  objective  la  to 


maximize  total  sales,  the  rate  of  growth,  or  some  (utility)  function  of 


variables  that  contribute  to  the  satisfaction  of  the  firm's 


In  the  behavioral  awdels  there  Is  no  single  objective;  the  firm  exhibits 


satisficing  behavior  and  seeks  to  meet  several  goals  simultaneously 


In  the  modern  traditional  models  the  firm  maximizes  the  stock  market 


value  of  the  firm,  the  share  price,  or  some  other  quantity  that  reflects 


the  utility  of  the  firm's  shareholders.  As  shown  In  section  F,  the 


modern  traditional  objective  functions  can  be  Interpreted  as  attempts 


to  reformulate  the  traditional  objective  of  profit  maximization,  where 


the  common  theme  Is  the  firm's  supposed  desire  to  maximize  the  welfare 


Within  these  classifications,  the  models  discussed  below  are 


characterized  according  to  their  economic  content,  as  shown  In  table 


11-34,  and  also  according  to  their  mathematical  form  and  to  the  mathe 


matlcal  techniques  used  In  their  solution,  as  shown  In  table  11-35.  The 


latter  characterization  Includes  the  following:  the  nature  of  the  opti- 


mization problem  (l.e.  static  or  dynamic,  as  described  In  chapter  one) 


In  which  form  the  model  was  expressed;  the  existence  of  nonlinear 1 ties; 


the  nature  of  the  constraints  (or  the  lack  of  constraints  other  than 


nonnegativity  constraints);  and  the  nature  of  the  solution  technlque(s) 


employed  In  analyzing  the  model.  Since  this  mathesiatlcal  characteriza- 


tion Involves  concepts  that  are  likely  to  be  familiar  to  the  reader 


the  remainder  of  thla  subsection  discusses  the  economic  characterization 


The  econoalc  content  of  eech  of  the  aodele  of  the  flrn  dis- 
cussed below  Is  distinguished  according  to  the  objectlve(s)  of  the  firm 
assumed  In  the  model;  the  model's  treatment  of  the  firm's  financial 
decisions;  whether  or  not  uncertainty  Is  permitted;  whether  or  not  the 
behavior  of  the  firm  In  disequilibrium  Is  considered;  and  the  treat- 
ment given  the  behavior  of  the  firm  over  time.  The  objectives  of  the 
firm  have  been  discussed.  The  remainder  of  thla  subsection  deals  with 
the  remaining  four  elements  of  the  characterization. 

As  discussed  below,  the  traditional  models  do  not  Incorporate 
financial  considerations  explicitly,  but  rather,  they  leave  the  role 
of  finance  subsumed  within  the  general  equilibrium  analysis  of  a market 
economy.  Most  of  the  managerial  and  modem  traditional  models  treat 
finance  explicitly,  although  only  the  Baumol  growth  model,  the  Herendeen 
model,  and  Leland's  managerial  model  explicitly  consider  both  debt 
financing  and  external  equity  financing. 

As  Indicated  In  table  11-34,  the  traditional  models  and  the 
managerial  models  assume  away  the  existence  of  uncertainty.  The  assump- 
tion of  certainty  simplifies  these  models  to  a great  extent,  though  at 
the  cost  of  abstracting  from  a factor  that  can  exert  a large  Influence 
on  the  behavior  of  the  firm.  Where  uncertainty  Is  permitted.  It  Is 
handled  within  either  of  two  frameworks:  the  mean-variance  framework 
or  the  time-state-preference  framework.  The  mean-variance  framework 
Is  discussed  In  section  J and  the  tlme-state->p reference  framework  Is 
described  In  section  K. 

The  third  factor  that  needs  to  be  discussed  Is  the  question  of 
equilibrium  and  disequilibrium.  The  economic  concept  of 
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Indicates  a state  of  affairs  In  which  opposing  economic  forces  are  In 
balance  and  In  which  there  Is  consequently  no  tendency  for  change. 

By  way  of  contrast,  dUtJ^uuiJUbnMm  denotes  the  state  of  affairs  in  which 
equilibrium  has  not  been  attained.  For  example,  a market  Is  said  to 
be  In  equilibrium  whin  quantity  demanded  equals  quantity  supplied  at 
the  prevailing  price,  and  a firm  Is  said  to  be  In  equilibrium  when 
there  Is  no  tendency  for  It  to  alter  Its  policies.  Only  the  Meyer  and 
Wong  models  and  Lelands'  managerial  model  explicitly  consider  disequi- 
librium. In  the  Meyer  models  disequilibrium  occurs  In  the  product 
markets  served  by  the  models'  BX>nopollst  %rhen  quantity  supplied  falls 
short  of  quantity  demanded  at  the  established  market  price.  The  Meyer 
models  deal  with  disequilibrium  within  a single  period  context,  whereas 
the  Wong  model  and  Leland's  managerial  model  deal  with  disequilibrium 
within  a multiperiod  context,  as  discussed  next. 

The  fourth  factor  that  needs  to  be  considered  Is  the  model's 
treatment  of  the  behavior  of  the  firm  over  time.  The  first  considera- 
tion In  this  regard  is  the  question  of  the  •Ctme  Apan  covered  by  the 
model.  The  traditional  models  are  all  single  period  models,  whereas 
most  of  the  others  are  multiperiod  models.  For  sniltlperlod  models 
of  the  firm  there  are  questions  regarding  the  e.xiAte.nc.e.  of  a multi- 
period equilibrium  for  the  flrm,^  the  AtabltUty  of  the  multiperiod 
equilibrium  (If  one  exists)  for  the  flrm,^  and  the  dynamicA  of  the 
firm,  l.e.  exactly  what  Its  true  time  path  looks  like.  The  Baumol  and 
Harris  growth  models  and  the  Herendeen  model  are  concerned  with  steady 
state  equilibrium  growth  paths.  That  Is,  in  their  models  the  firm 
selects  an  equilibrium  growth  rate  and  expands  forever  at  that  rate. 
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unless  changes  in  what  Harris  calls  the  super-environment^  disturb  the 
equilibrium.  The  other  multiperiod  models  are  also  concerned  with 
characterizing  the  multiperiod  equilibrium  of  the  firm,  although  these 
others  do  not  assume  steady  state  growth.  Only  the  Wong  model  and 
Leland’s  managerial  model  explicitly  consider  the  stability  question. 

In  the  Wong  model  the  equilibrium  question  Involves  the  size  of  the 
firm's  capital  stock.  Equilibrium  Is  attained  once  the  capital  stock 
of  optimum  size  has  been  accumulated,  but  until  the  optimum  has  been 
reached,  the  firm  pursues  the  dividend  policy  that  leads  It  as  rapidly 
as  possible  toward  Its  optimum  size  (e.g.  If  the  current  capital  stock 
Is  below  the  optimum,  no  dividends  are  paid  In  order  that  total  profit 
may  be  used  to  Increase  the  firm's  capital  stock).  In  Leland's  managerial 
model  the  equilibrium  question  Involves  profit  maximization,  and  with 
hla  model  Leland  establishes  conditions  under  which  the  firm's  optimal 
current  policies  converge  to  profit  maximization  as  the  firm's  planning 
horizon  becomes  Infinite. 

For  the  convenience  of  the  reader,  the  characterization  of  each 
model  Is  summarized  In  a separate  table  that  gives  the  classification 
of  the  model;  states  the  firm's  objectives  and  constraints;  Identifies 
the  variables  in  the  model  as  exogenously  determined  or  as  endogenously 
determined  and  also  Identifies  the  firm's  decision  variables;  states 
the  parameters  In  the  model;  characterizes  the  model' s treatments  of 
finance,  of  certainty/uncertainty,  of  equilibrium/disequilibrium,  and 
of  the  behavior  of  the  firm  over  time;  and  gives  the  type  of  mathematical 
model  (l.e.  matheaiatlcal  programing  problem  or  optimal  control  problem) 
and  the  solution  tcchnlqua(t)  employed  in  the  analysis.  Tables  II-4 
through  11-33  are  provided  below  for  this  purpose. 
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3.  The  Typical  Fira's  Financial  Stateacnts 

Thia  section  describes  Che  sources  and  uses  of  Che  accounting 
infomaCion  called  for  in  many  of  the  nodels  discussed  in  this  chapter. 
The  three  main  sources  of  accounting  infonnatlon  are  Che  balance  sheet, 

Q 

the  incoae  statement,  and  the  statement  of  retained  earnings.  An 
example  of  the  first  source  is  given  in  table  II-l  and  examples  of  the 
second  and  third  sources  are  shown  in  tables  II-2  and  II-3,  respectively. 

9 

Each  of  these  sources  of  information  is  dlsctissed  below. 

The  typical  fira's  baJtance.  ikttt  is  Illustrated  in  cable  II-l.^® 
The  balance  sheet  summarizes  the  financial  position  of  the  firm  at  a 
particular  point  in  tlme.^^  The  balance  sheet  shows  the  total  assets 
of  Che  firm,  which  represents  the  total  investment  that  has  been  made 
in  the  firm.  The  assets  portion  of  the  balance  sheet  shows  the  struc- 
ture of  this  investment,  l.e.  what  portion  is  in  the  form  of  current 
assets,  which  Include  cash  and  items  that  are  expected  Co  be  converted 
into  cash  or  consumed  within  the  normal  operating  cycle  (normally  one 
year),  %rhat  portion  is  in  the  form  of  fixed  assets,  and  what  portion  of 
total  assets  is  in  some  other  form,  such  as  intangible  assets,  land, 
or  long-term  investments  in  the  stock  of  other  corporations.  Fixed 
assets  include  plant  and  equipment,  valued  at  historical  cost  less 
accumulated  depreciation,  and  correspond  to  what  was  defined  in  section 
C of  chapter  one  as  i-LxtA  cap^itaZ,  Total  fixed  assets,  Chen,  is  a 
dollar  measure  of  the  firm's  (physical)  fixed  capital  resources.  It 
represents  the  difference  between  the  value  of  these  assets  at  the 

time  of  purchase  and  acctaulatad  depreciation,  which  is  the  accountant's 

12 

measure  of  the 'wearing  out'  of  these  physical  productive  resources. 
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Table  II-l  The  Typical  Fira'a  Balance  Sheet 


Aaaeta 

Current  Aaeeta: 

Caah  

Accounta  receivable  (net)  ... 

Inventories  

Total  current  assets  .... 


Fixed  Assets: 

Plant  XXX 

Less  accumulated 
depreciation  xxx 

Equipment  xxx 

Less  eccumulated 
depreciation  xxx 


Total  fixed  assets 

Other  Assets  

Total  Assets  


Liabilities 

Current  Liabilities: 

Accounts  payable -m 

Short-term  notes  payable  ....  xxx 
Total  Current  Liabilities 
Lone-term  Liabilities: 

Lont-term  notes  payable  

Bonds  paysble  

Total  long-term  liabilities 
Total  Liabilities  

Stockholders'  Equity 

Contributed  Capital: 

Prefarred  stock  

Coaaon  stock  

Total  contrlbutad  capital 

Ratalnad  Earnings  

Total  stoekholdars*  equity 

Total  LlablUtlaa  and 
Stoekholdars*  Equity  .. 


Hi  11  i 


( 


Th«  balanc*  8h««t  also  •hom  the  structur*  of  the  ownerahlp 
clalM  on  thM«  ••••».  Th«  llabilitlM-atockholdcrs'  equity  portion 
of  the  balance  aheet  ahova  hov  thaaa  ownarahlp  claiaa  are  dlatrlbutad 
between  credltora  and  atockholdara.  It  la  a baalc  accounting  identity 
that  the  aua  of  theae  ownarahlp  claiaa  auat  equal  total  assetew  There- 
fore, in  table  II-l,  'total  llabilitlaa  and  atockholdara*  equity*  auat 
equal  'total  aaaeta*.  The  foraar  rapreaanta  the  total  money  capitat 
ei^loyed  in  the  firm,  ao  that  thla  fundaaental  accounting  identity  aaya 
sia^ly  that  the  total  inveataent  aade  in  the  firm  auat  equal  the  total 
aoney  capital  employed.  In  other  worda,  the  two  portiona  of  the 
balance  aheet  repreaent  different  perapectivea  on  the  fira'a  financial 
atructure. 

The  llabllitlea-atockholdera'  equity  portion  of  the  balance 
aheet  ahowa  the  dlatrlbution  of  ownerahip  claiaa  between  debt  and  equity. 
The  diatinction  between  debt  and  equity,  aa  aade  by  moat  econoaiata, 
dlffara  froa  the  accounting  diatinction  between  liabilltiea  and  atock- 
holdera*  equity.  Debt  includea  preferred  atock  in  addition  to  total 
liabilltiea.  The  raaaon  for  including  preferred  atock  in  debt,  rather 
than  in  equity,  la  that  preferred  atock  la,  in  aoae  iaportant  reapecta, 
vary  auch  Ilka  a bond.^^  In  particular,  holdara  of  preferred  atock  are 
paid  a apeciflad  percentage  return;  all  dlvldanda  currently  owed  holdera 
of  preferred  atock  auat  be  paid  before  any  dividends  on  coaaon  atock 
can  be  paid;  holdara  of  preferred  atock  have  preference  in  the  diatrl- 
buCloo  of  aaaeta  over  holdera  of  coiaMn  atock  in  the  event  the  fira 
goea  bankrupt;  and  holdera  of  preferred  atock  often  are  not  given  the 
right  to  vote  at  atockholder  aeetinga.  Adding  preferred  atock  to  total 
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llabilltiM  glvu  d^t,  which  la  that  portion  of  tha  fim'a  aonay 
capital  with  which  arc  aaaoclatad  (what  aay  ba  treated  aa)  fixed 
Intareat  obllgatlona.  Stockholdara ' equity  leaa  prafarrad  atock  rapra> 
senta  what  the  aconooiiat  calla  equity.  Holdara  of  equity  arc  the 
reaidual  clalaanta  on  the  aaaata  of  tha  firs  in  tha  event  the  firs 
goca  bankrupt.  They  are  alao  the  indivlduala  aoat  directly  affected 
when  the  firm  variea  Ita  dividend  policiea»  and  they  are  the  peraona  to 
whoa  a takeover  raider  would  have  to  pitch  ita  offer. 

The  second  aource  of  accounting  inforaation,  the  ^income. 
is  illustrated  for  a typical  fira  in  table  II-2.  The  Incoae  atateaent 

suaaarlzea  die  profit  perforaance  of  tha  fira  for  a specific  period 

14 

of  tiaa.  IVo  entries  in  table  II>2  are  particularly  l^ortant.  The 
first  ia  net  opeAcuting  incomtt  which  la  obtained  by  siditracting  froa 
net  sales  — i.e.  gross  sales  revenue  less  an  allowance  for  returned 
Iteas  — the  costs  of  operating  the  business,  including  a dollar  aeasure 
of  depreciation.  It  should  be  eaphasised  that  thaae  dollar  cost  figures 
do  not  necessarily  equal  the  opportunity  coats  of  tha  respective  Inputs, 
Net  operating  incoae  is  the  accountant's  asasure  of  the  excess  of 
revenue  over  costs  ganaratsd  froa  tha  fim's  operations  that  can  ba 
used  to  pay  debt  holdere  and  equity  holders  (after  allowance  for 
profit  taxes,  of  course). 
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Idblm  11-2  The  Typical  Firm's  Incoma  Statament 
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Total  Salas  (net)  

Lass  oparstlng  coats: 

Varisfela  factor  costa  tool 

Salllnt  aapanaa  jooc 

Adminlstratlva  salarlas  xn 

Rasaarch  and  davalopmant  axpansa  xxx 

Dapraclatlon xn 

Othar  oparatlng  axpansas  xxx 


Total  oparatlng  costs  

Nat  Oparatlng  Incoma  

Lass  Intarast  axpansa  on  notas 
payabla  and  on  bonds  payabla  .. 

Incoma  baf ora  tax  

Lass  Income  tax  axpansa  

Mat  Incoma  


xxx 


xxx 


The  second  important  entry  In  table  II-2  Is  neX  income.,  which 
Is  obtained  by  subtracting  interest  expensc^^  and  income  tax  expense 
from  net  operating  income.  The  entries  'income  before  tax'  and  'net 
income'  in  table  II-2  are  generally  referred  to  as  'pretax  profit' 
and  'aftertax  profit',  respectively.^^  As  discussed  in  chapter  one, 
the  accounting  notionsof  profit  differs  from  the  sconomlsts'.  In 
particular,  the  operating  costs  in  table  II-2  would  have  to  be  the 
true  opportunity  costs  of  the  resources  employed,  depreciation  would 
have  to  be  the  true  physical  wearing  out  of  the  firm's  plant  and 
equipment,  and  the  intarast  axpanss  would  have  to  be  the  true  oppor- 
tunity cost  of  the  firm's  total  assets  in  order  for  net  income  to  be 
consistent  with  what  the  economist  calls  profit. 

* 
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The  third  source  of  sccounting  lofonutlon,  the  Atat&me.nt  0^ 


KxXOiiMji  ^a/l^UngA,  is  Illustrated  for  a typical  flra  In  table  II-3. 

The  statement  of  retained  earnings  explains  the  Increase  or  decrease 
In  retained  earnings  for  the  period  covered  by  the  firm's  Income 
statement.  Met  Income  can  be  used  for  either  of  two  purposes.  It  may 
be  distributed  as  dividends  to  the  holders  of  the  firm’s  preferred 
stock  and  consion  stock  or  It  may  be  added  to  retained  earnings  and 
used  to  purchase  additional  assets.  One  of  the  firm's  Important  policy 
decisions  Involves  determining  Its  payout  ratio  — l.e.  what  portion 
of  net  IncoBw  will  be  paid  out  as  dividends. 

Table  II-3  The  Typical  Firm's  Stateswnt 
of  Retained  Earnings 


Beginning  balance,  retained  earnings  xxx 

Add  net  Income  for  the  year  xxx 

Total  xxx 

Less  total  dividends  paid  during  the  year  xxx 

Ending  balance,  retained  earnings  xxx 


Throughout  the  chapter  tablea  ll-l,  II-2,  and  II>3  are  used 
to  establish  the  accounting  Identities  thst  sre  Invoked,  usually  when 
an  expression  is  needed  for  dividends  paid  In  terms  of  the  firm's 
policy  varlsbles.  The  distinction  that  has  been  made  In  this  section, 
ss  well  as  In  chapter  one,  between  the  economists'  notions  of  capital, 
profit,  etc.,  and  the  accountants'  msasuremsnt  of  these  stocks  and 
flows  does  not  hinder  the  analysis  In  later  sections  of  this  chapter. 

The  same  Identities  continue  to  hold  — slthough  the  niters  are  different 
end  their  Interpretation  Is  different  — when  the  economists'  notions 
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of  capital,  profit,  etc.  are  substlcuted  for  the  accountants'.^^ 

In  the  reaalnder  of  this  chapter  the  terns  capital,  profit,  etc.  are 
given  their  respective  econoalc  aeanlngs,  but  the  reader  Is  asked  to 
keep  In  alnd  the  fact  that,  froa  a practical  standpoint,  neasurlng 
these  stocks  and  flows  Involves  certain  difficulties  and  that  these 
■easureaent  probleas  cause  soae  of  the  Iteas  reported  In  a lira's 
financial  stateaents  to  differ  In  concept  froa  the  stocks  and  flows 
that  appear  In  the  various  aodels  of  the  fim  discussed  below. 

4.  SuHsary 

This  section  has  provided  an  overview  of  the  chapter.  It 
has  also  described  the  analytical  fraaework  that  Is  used  throughout 
the  chapter  to  characterize  and  to  assess  the  contributions  of  the 
aodels  that  arc  surveyed  In  the  chapter,  and  It  has  also  discussed 
the  sources  and  uses  of  the  accounting  Inforaatlon  that  will  be  needed 
In  the  course  of  the  survey. 

The  survey  begins  with  a description  of  the  traditional  aodels, 
each  of  which  places  the  Individual  flra  within  a different  aarket 
structure:  perfect  coapctltlon  and  aonopoly  (the  aodels  In  section  B) , 
duopoly  (Cournot's  aodel  In  section  C) , oligopoly  (the  kinked  deaand 
curve  aodel  In  section  D) , and  aonopollstlc  coapctltlon  (Chaid>erlln'8 
aodel  In  section  E) . The  reaalnder  of  the  chapter  discusses  the  aodern 
revisions  to  the  theory  of  the  flra.  Each  of  the  aodern  aodels  of  the 
flra  differs  froa  the  traditional  aodels  In  at  least  one  of  the  following 
four  respects:  (1)  the  nature  of  the  fira's  objectlve(s)  (for  exaaple, 
do  flras  exhibit  soae  sort  of  aaxlalzlng  behsvlor,  and  If  so,  what  Is 
It  they  seek  to  aaxialze:  shareholders'  utility,  asnagere'  utility. 
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or  soMt  ocher  quabCiCy?);  (11)  the  excenc  Co  which  financial  con- 
aldaratlona  arc  allowed  for  expllclCly  In  Che  aodel  (for  exaaplct  of 
whac  algnlflcance  le  Che  Banner  In  which  flras  finance  Chelr  acClvl- 
Clce?);  (Ill)  Che  creacacnc  of  uncercalncy  (for  example,  sone  aodela 
expllclCly  allow  for  uncerCalnCy,  while  oCher  aodcls  Ignore  Ic 
alcogecher);  (Iv)  che  creacmcnc  of  dlaequlllbrlum  quesclons  (for 
exasple,  some  aodela  consider  Che  behavior  of  che  firm  In  dlaequlllb- 
riuB  , while  oChcrs  are  concerned  wlch  equlUbrluB  exclusively) ; and 
(v)  che  CreaCaenC  of  time  (for  example,  some  models  CreaC  Che  flra 
wlchln  a single  period,  while  oChers  deal  wlch  the  firm  within  a aulcl- 
perlod  steady  state  framework,  while  yet  others  permit  non-steady  state 
growth  wlchln  che  multiperiod  context). 

B.  PERFECT  COMPETITION  AND  MONOPOLY:  OPPOSITE  ENDS  OF  THE  SPECTRUM 

Traditional  economic  theory  distinguishes  four  models  of  che  firm, 
one  for  each  of  che  following  market  structures:  perfect  compeClClon, 
monopoly,  oligopoly,  and  monopolistic  competition.  As  described  In 
section  C of  chapter  one,  perfect  coapeclclon  can  be  Interpreted  as  a 
fora  of  market  structure  within  which  firms  arc  so  numerous  that  no 
single  firm  can  affect  the  market  price  by  altering  Its  own  behavior, 
and  In  which  all  flras  In  the  Industry  therefore  act  as  price  takers. 

In  contrast,  within  the  other  three  market  structures  firms  are  not 
pesslve  acceptors  of  environmental  Information.  Under  these  alternative 
market  structures  flras  possess  varying  degrees  of  market  power,  l.c. 
each  acts  to  some  extent  as  a prlca  maker.  Under  monopoly  there  Is  a 
single  firm  that  producaa  and  sells  the  entire  output  of  some  commodity; 
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the  Bonopollst  Cr««Cs  Che  aerkeC  deaand  curve  es  Che  deaend  curve  for 
his  produce  end  seCs  Che  price  CheC  Baxiaizes  CoCal  profic.  Under 
oligopoly  Chere  are  several  producers  who  coapeCe  wich  one  anocher;  each 
auaC  weigh  Che  poCenCial  reacCions  of  rivals  before  alcering  che  price 
of  ica  produce.  Under  aonopoliscic  coapeCiCion  Chere  are  nuaerous 
producers  who,  due  Co  differences  in  che  produces  Chey  sell,  enjoy 
soae  liaiced  price-seCCing  abilicy  in  Cheir  respecCive  shares  of  che 
aarkeC.  Thus,  in  Ceras  of  aarkec  power,  as  measured  by  Che  nuad>er  of 
firas  serving  Che  aarkec,  perfecC  coapeciCion  and  monopoly  are  seen 
Co  be  opposiCe  ends  of  che  specCrua  wich  oligopoly  and  perfecC  coapeCiCion 
falling  soaewhere  in  beeween. 

The  CradlCional  aodels  share  several  comamn  feaCures.  Each  posCu- 
laces  Chac  Che  firm's  objecCive  is  Co  aaxiaize  CoCal  profic.  Each 
erases  che  firm  wichin  a single  ciae  period.  Each  assuaes  chaC  aarkec 
deaand  curves,  producCion  funeciona,  and  Che  supply  curves  for  facCors 
of  producCion  are  known  wich  cercainCy.  Each  is  concerned  wich  char- 
accerizing  che  naCure  of  equilibrium  for  Che  firm.  Wichin  each  che 
problea  of  financing  che  operacions  of  che  flra  is  noc  considered 
ezpllclCly  as  pare  of  Che  model  of  che  individual  firm,  buC  raCher, 

18 

is  subsumed  wichin  che  general  equlllbriua  analysis  of  a MrkeC  economy. 
Where  che  CradlCional  aodels  differ  is  in  che  aarkec  sCrucCure  wichin 
which  Che  flra  is  aasuasd  Co  operacc  — and  by  lapllcaClon,  in  Che 
degree  of  aarkec  pesrer  che  firm  is  aasuasd  Co  possess. 

The  CradlCional  aodels  of  che  fire  are  discuesed  in  sacCions  B 

Chrough  E.  Ic  should  be  noced  ac  che  ouCseC  Chac 

The  aodel  of  che  flra  in  (CradlCional  econoaic] 
cheory  is  not,  as  so  aany  wrlcers  believe, 
designed  co  serve  Co  explain  and  predict  Che 


behavior  of  real  finw;  instead.  It  Is  designed 
to  explain  end  predict  changes  In  observed 
prices  (quoted,  paid,  received)  as  effects  of 
particular  changes  In  conditions  (wage  rates. 

Interest  rates.  Import  duties,  excise  taxes, 
technology , etc . ) . 

In  the  traditional  theory  the  firm  Is  a theoretical  construct,  the 

20 

purpose  of  which  is  to  explain  and  predict  the  behavior  of  prices. 

According  to  Machlup,  to  criticize  the  traditional  models  for  falling 

to  explain  the  behavior  of  real-world  firms  would  be  unfair.  Yet, 

because  several  economists  have  claimed  to  have  provided  empirical 

support  for  the  neoclassical  theory  of  the  firm  (and  others  have  based 
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further  theoretical  work  on  these  empirical  findings)  and  because 
these  models  of  the  firm  form  the  basis  for  the  discussion  of  the  modem 
theory  of  the  firm  In  economics  textbooks.  It  is  essential  that  a care- 
ful review  of  the  traditional  models  be  undertaken  before  a presentation 

22 

of  the  modem  'revisions'  Is  begun. 

1.  Perfect  Competition 

The  bedrock  of  the  traditional  theory  of  the  firm  Is  the  siodel 
of  perfect  competition.  To  the  economist  It  has  long  represented  the 
ultimate  In  competitiveness,  and  to  the  welfare  econoBd-st  the  perform- 
ance of  the  perfectly  competitive  firm  has  stood  as  the  norm  against 
which  the  performance  of  firms  should  be  measured;  but  strangely,  were 
a perfectly  competitive  Industry  to  be  found  in  the  real  world.  It 
would  undoubtedly  appear  to  most  observers  devoid  of  any  competitive 

activity.  Perfect  competition  requires  that  the  following  five 
23 

conditions  be  mat: 
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(1)  Each  flra  takes  the  ruling  aarkaC  price  as  given.  As  indicated 


in  section  C of  chapter  one,  firoe  might  act  in  this  passive 
manner  because  each  produces  an  output  so  small  relative  to  the 
total  output  of  the  Industry  that  it  is  unable  to  Influence  the 
market  price  by  expanding  or  contracting  the  quantity  of  goods 
it  offers  for  sale. 

(ii)  The  products  of  all  firms  in  the  industry  are  homogeneous; 
consumers  view  the  products  as  perfect  substitutes;  and  product 
differentiation  is  impossible.  Thus,  there  is  no  need  either 
for  consumers  to  shop  around  or  for  producers  to  engage  in 
advertising. 

(iii)  Mew  firms  are  free  to  enter  the  industry  and  to  produce  identical 
products  under  the  same  conditions  as  existing  producers;  there 
are  no  barriers  to  entry,  such  as  financial  restrictions  or 
coercion  on  the  part  of  existing  producers;  and  existing  pro- 
ducers are  free  to  leave  the  industry  to  avoid  losses.  Thus, 

no  firm  will  be  able  to  maintain  'abnormal'  profits  because 
high  profits  will  quickly  attract  new  entrants  who  will  eventually 
drive  profits  down  to  the  'normal'  lavel. 

(iv)  Firms  act  Independently  in  deciding  whether  to  expand  or  to 
contract  output  and  whether  to  enter  or  to  leave  an  industry. 

Thus,  there  is  no  collusion  among  firms. 

(v)  All  buyers  and  sellera  in  the  market  have  complete  knowledge 
aa  to  the  bid  and  offer  prices  of  the  other  market  partici- 
pants. Thus,  insider  information  is  prohibited  and  no  partici- 
pant is  ever  taken  advantage  of  in  a trade  due  to  insufficient 
knowledge. 
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within  a parfactly  conpatltlva  aarkat  thara  la  nalthar  prlca 
coapatltlon.  alnca  all  flraa  ara  prlca  takara,  nor  non-prlca  competi- 
tion (such  as  advertising,  differences  In  product  design,  or  special 


credit  arrangements),  since  all  products  are  homogeneous  and  each 
producer  can  sell  as  much  of  his  output  as  he  wishes  at  the  ruling 
market  price.  Since  all  firms  pay  Identical  prices  for  their  Inputs 
and  have  the  same  production  function,  there  can  be  no  cost  coBq>etl- 

tlon  either.  The  requirements  for  perfect  competition  are  sufficiently 

24 

restrictive  that  very  few  real-world  markets  come  close  to  the  Ideal. 

Since  competition  In  any  one  of  the  many  forms  It  takes  In 

the  real  world  Is  absent  In  the  model  of  perfect  competition,  one  may 

reasonably  ask  why  economists  continue  to  profess  an  Interest.  Bauswl 

argues  that  It  Is  due  to  the  model's  tractsblllty  and  the  fact  that 

once  a set  of  (admittedly  questionable)  assumptions  Is  granted,  perfect 

competition  eutomatloally  leads  to  an  allocation  of  society's  scarce 
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productive  resources  that  la  In  the  Pareto  sense  optimal. 

To  describe  the  perfectly  competitive  model  of  the  firm  It 

Is  best  to  proceed  In  the  following  manner.  First,  It  will  he  asstimed 

thet  the  firm  employs  only  two  Inputs,  which  will  be  denoted  by  L 

and  K and  which  may  be  thought  of  aa  labor  and  capital,  and  produces 

a single  output,  which  will  be  denoted  by  Q . For  simplicity  the 

syiri>ols  L , K , end  Q will  be  used  to  represent  both  the  Identity 

of  the  resource  (good)  and  the  amount  used  (produced).  The  two- 

Input-slngle-output  ease  permits  the  use  of  geometry  to  further  the 

exposition.  Having  explored  this  case,  the  model  will  then  be  gener- 

26 

sliced  to  permit  n outputs  and  m Inputs.  However,  before  explicitly 
considering  the  model  of  the  firm  under  perfect  competition  It  might  be 
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Instructive  to  review  froa  e nathenatlcal  standpoint  the  concepts  of 
marginal  productivity  (of  an  Input),  average  productivity,  and  the 
production  function,  all  of  which  are  basic  to  the  theory  of  the  firm. 

In  the  case  of  two  Inputs  and  a single  output  the  firm's 

production  function  Is  given  by 

Q - f(L,K)  . (1) 

In  the  long  run  both  Inputs  are  variable.  The  partial  derivatives  of 

(1),  df/3L  and  3f/3K  , are  called  the  marginal  productivity  of 

labor  and  the  marginal  productivity  of  capital,  and  are  denoted  by 

MP^  and  MP|^  , respectively.  In  the  short  run,  by  definition,  the 

firm's  plant  and  equipment  — ita  stock  of  capital  — Is  fixed,  and  If 

this  fixed  amount  of  capital  Is  denoted  by  K , then  output  varies  as 

f(L,K) 

a function  of  labor  only.  The  quantity  AP  ■ r — Is  called  the 

la  la 

average  product  of  labor.  It  Is  almost  universally  assumed  that  pro- 
duction functions  exhibit  the  law  of  diminishing  marginal  productivity, 
which  states  that  when  one  Input  Is  varied  and  all  others  are  held 
fixed,  the  marginal  productivity  of  the  variable  Input  will  eventually 
decline.  Figure  II-l  shows  the  relationship  between  AP  and 

Xa 

MP  , where  the  latter  obeys  the  law  of  dlstlnlshlng  marginal 
27 

productivity. 
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Figure  II-l:  Marginal  Productivity  and  Average  Productivity 

The  locus  of  cond>lnatlons  of  L and  K that  yield  a particu- 
lar level  of  output,  when  combined  with  maximum  technical  efficiency, 
is  called  an  isoquant.  Denoting  the  particular  level  of  output  by 

Q , (1)  becomes  Q ■ f(L,  K)  . It  is  asswaed  that  Isoquants  are 
o o 

28 

continuous  and  convex  to  the  origin  as  depicted  by  I'jgure  11-2. 
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Figure  11-2:  Isoqtiants 

The  negative  of  the  slope  of  an  Isoquant  at  a point,  such  as  point  A 

In  figure  II-2,  Is  called  the  rate  of  technical  substitution  and  Is 

given  by  RTS  - - dK/dL  . The  convexity  of  an  Isoquant  means  that  the 

rate  of  technical  substitution  Is  diminishing  as  L Is  substituted 

for  R . In  words,  as  L Is  substituted  for  K , successively  larger 

Increments  In  L must  be  substituted  for  equal  decrements  In  R In 
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order  to  hold  the  level  of  output  fixed.  Since  within  the  feasible 

region  of  production  an  Increase  In  the  use  of  both  Inputs  yields  a 

greatar  output.  Isoquanta  further  from  the  origin  represent  higher 

30 

levels  of  output.  Thus,  In  figure  II-2  ^3  ^ ^2  ^ ^1  * 

When  both  product  markets  and  factor  markets  are  perfectly 
competitive,  the  firm  tAkee  fector  and  product  prlcea  aa  given.  Let 


o 
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the  unit  prices  of  L,  K,  and  Q be  denoted  by  w,  1,  and  p , 
respectively.  The  firm's  total  profit,  ir  , Is  equal  to  total  revenue, 
R , less  total  costa,  C , 


I 


IT  ■ R - C , 


(2) 


where  total  revenue  Is  equal  to  product  price  times  the  quantity  of 
output. 


R - p • Q - p • fa,  K)  , 


(3) 


and  where  total  cost  Is  the  sum  of  the  payments  to  the  two  Inputs, 


C - wL  + IK  . 


(4) 


Substituting  (3)  and  (4)  Into  (2),  the  model  of  the  perfectly  competi- 
tive firm  can  be  formulated  as  the  following  nonlinear  progrannnlng  problem: 


maximize: 

{L,K} 


ira,  K)  - p • f(L,  K)  - wL  - IK 


(5) 


subject  to:  L > 0 , K > 0 . 


In  the  short  run  K is  fixed  so  that  problem  (5)  simplifies  to 
the  following: 


maximize: 

(L) 


ira)  - p ‘fa,  K)  - wL  - IK 


subject  to:  L ^ 0 . 


(6) 
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First  solving  the  short  run  optimization  problem  (6),  the 
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necessary  conditions  are  the  Kuhn-Tucker  conditions: 


dir  df  . - 

dE  ■ P • dL  - ” i “ 


dlT  r / df  \ . d n 

_ . L . <p  . _ . -1.0 


L > 0 


Since  df/dL  ■ , conditions  (7)  require  that 


p • s V If  L > 0 


L ■ 0 If  p * MP  < w 


The  product  p * MP^  Is  interpreted  as  the  value  of  the  marginal 
productivity  of  L , measured  as  Its  contribution  to  total  revenue. 
Since  w Is  the  cost  of  an  additional  unit  of  L , condition  (8) 
states  that.  If  labor  Is  employed,  the  profit-maximizing  firm  will 
continue  to  hire  additional  labor  up  to  the  point  at  which  the  value 


of  the  marginal  productivity  of  the  last  unit  hired,  p • MP  , Just 

JL 

equals  the  ruling  wage,  w . Condition  (9)  states  that  no  labor  will 
be  hired  unless  Its  contribution  to  revenue  exceeds  Its  cost. 


If  L > 0 , then  problen  (6)  le  unconstrained  and  the  second 


order  optlalxatlon  condition  Is 


(10) 


%rhlch  requires  that  profit  be  declining  with  respect  to  further 

applications  of  L to  production. Since  d^f/dL^  ■ , 

dL 

the  rate  of  change  of  the  aarginal  productivity  of  L , the  law  of 
dlalnlshlng  aarglnal  productivity  guarantees  that  (10)  holds  over 
soae  range  of  L . What  condition  (10)  means  Is  that  the  profit 
maximizing  producer  would  hire  L2  rather  than  units  In  figure 

II- 3. 


Figure  II-3:  Value  of  Marginal  Productivity 
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condlCion 


Dividing  both  sides  of  p • MP  ••  w by  MP  yields  the 
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The  rstlo  on  the  right-hand  side  of  (11)  Is  Interpreted  as  the  cost 
of  an  additional  unit  of  ^ divided  by  the  at'dltlonal  output  due  to 
the  application  In  production,  of  an  additional  unft  of  L . This  ratio 
is  Interpreted  as  marginal  cost,  or  the  cost  of  an  additional  unit  of 
output.  Denoting  marginal  cost  by  MC  , equation  (11)  can  be  rewritten 
as  the  familiar 


p - MC 


rule  for  profit  maximization.  The  profit  maximizing  producer  should 
continue  to  expand  output  until  the  point  at  which  price  equals  marginal 
cost.  Since  MC  ■ and  since  MP^  has  the  Inverted  U-shape 

depicted  In  figure  II-l  while  w is  constant.  It  follows  that  MC 
will  have  the  U-shape  depicted  In  figure  II-4.  For  the  same  reason 
that  L2  was  preferred  to  In  figure  11-3,  output  level  Q2  la 

preferred  to  output  level  In  figure  II-4,  even  though  p MC 

for  both. 


I 
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Figure  II-4:  Short  Run  Optimum  for  the 
Perfectly  Competitive  Firm 

Ae  long  as  inputs  ere  used  by  the  firm  in  the  most  technically 
efficient  manner,  the  foregoing  results  demonstrate  that  maximizing 
profit  in  the  factor  market  and  maximizing  profit  in  the  product 
market  are  really  Just  two  ways  of  characterizing  the  same  optimization 
process.  This  is  the  consequence  of  the  fact  that  the  solution  to 
problem  (6)  yields  both  condition  (8)  for  optimality  in  the  factor  market 
and  condition  (12)  for  optimality  in  the  product  market. 

Turning  to  the  long  run,  in  which,  by  definition,  the  firm's 
capital  stock  is  variable,  the  modal  of  the  perfectly  competitive  firm 
can  be  formulated  aa  problem  (5) . The  Kuhn-Tucker  conditions  for 
problem  (5)  are  analogoua  to  (7),  with  one  set  of  conditions  each  for 
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L and  K and  with  partial  derivatlvca  In  place  of  alaple  dcrlvativea: 


|l.p  0 |l.p  .|i.  i<  0 


L > 0 


K > 0 


With  L > 0 and  K > 0 , conditions  (13)  lead  to  the  optlaality 
conditions 


p • MPj^  - w and  p • MPj^  - 1 , 


< C 


vrhich  are  analogous  to  (8) . Equations  (14)  can  be  Interpreted  as  the 
requirement  that  each  factor  be  hired  up  to  the  point  at  which  the 
value  of  the  marginal  productivity  of  the  last  unit  hired  Just  equals 
its  unit  cost.  Equations  (14)  can  be  rewritten  to  give 


which  once  again  can  be  Interpreted  as  the  requirement  that  price 


equal  marginal  cost.  Condition  (15)  yields  the  well-known  requirement 


“K  1 
»®L  * ' 


I 


sine*  ' condition  (16)  can  be  Interpreted  as 

the  requirement  that  the  profit  maximizing  firm  combine  inputs  In  such 
a way  that  the  rate  of  technical  substitution  — the  rate  at  which 
technology  permits  the  factors  to  be  substituted  for  one  another  In 
production  — equals  the  ratio  of  the  factor  prices  — the  rate  at  which 
the  market  place  permits  the  factors  to  be  substituted  for  one  another. 

Condition  (16)  Is  better  understood  when  It  Is  recognized  Chat 
Che  optimization  problems  (5)  and  (6)  necessitate  two  simultaneous 
optimizations,  one  with  respect  to  the  product  market  and  one  with 
respect  to  the  factor  market(s).  In  order  to  earn  maximum  total  profit, 
the  firm  must  produce  whatever  level  of  output  It  selects  at  minimum 
cost.  That  Is,  Che  (simultaneous)  determination  of  Che  optimal  output 
level  and  the  optimal  Input  combination  could  be  thought  of  as  a two- 

step  process.  AC  step  one,  the  firm  determines  the  cost-minimizing  . 

combination  of  inputs  and  the  associated  total  cost  for  each  level  of 
output.  At  step  two,  Che  firm  selects  the  profit-maximizing  level  of 

output  on  the  basis  of  both  the  demand  conditions  it  faces  and  the  cost  • 

relation  determined  at  step  one. 

The  first  step  In  this  process  can  be  represented  by  a mathe- 
matical programming  problem,  and  In  the  simple  case  of  a single  output 
and  two  inputs,  it  can  also  ba  represented  geometrically.  Consider  the 
perfectly  competitive  firm  In  the  long  run.  Both  capital  and  labor 
are  variable,  and  the  firm's  total  cost  Is  given  by  equation  (4).  For 
any  particular  level  of  output  , the  cost  minimisation  problem  can 
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be  expressed  as  the  mathematical  programming  problem: 

■Inlmlta:  C * vL  -t-  IK 

{L,K} 

subject  to:  f(L,  K)  - Q , 

o 

where  for  simplicity  it  is  asstiaed  that  L > 0 and  K > 0 . This 
problem  has  been  represented  geometrically  in  figure  II-5.  The  graph 
of  C * vL  4-  IK  , where  C is  treated  as  a parameter,  is  linear  and 
is  called  an  isocost  ( equal  cost  ) line.  In  order  to  produce  Q 

o 

units  of  output  at  minimum  cost,  the  firm  will  find  the  input  combina- 
tion on  Isoquant  that  lies  on  the  Isocost  line  nearest  the  origin. 

In  figure  II-S  this  occurs  at  the  point  A . here  the  Isoquant  and 
the  isocost  line  are  tangent,  and  hence,  where  the  slopes  of  the  curves 
are  equal.  Thus, 

( MP 

(■  » ® 3f/aL  L 

' ■ i ■ dL  “ " af/k  " " MPjj  ’ 
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which  is  the  same  as  condition  (16). 

I 


(17) 

I 


I 


If  thl«  procedure  were  followed  for  ell  feeslble  output  levels. 


the  eet  of  ordered  peirs  (Q,  C(Q))  would  define  e long  run  total 
coot  function  C ■ C(Q)  , from  which  Che  long  run  marglnel  coat  function 
LRMC  ■ C'(Q)  could  be  computed  by  differentiation.  A typical  LRMC 
curve  Is  shown  In  figure  ll-b  along  with  a typical  LRAC  curve,  which 
Is  given  by  LRAC  • . It  should  be  emphasized  Chat  the  LRAC 

curve,  as  Just  defined,  gives  Che  minimum  average  cost  of  producing  each 
level  of  output  when  the  plant  Is  of  optimum  size  for  chat  particular 
output  level.  According  to  the  traditional  theory,  the  LRAC  curve 
Is  U-shaped  because  of  Internal  econosiies  and  diseconomies  of  scale 
which  are  caused  either  (1)  by  Indivisibilities  of  the  factors  that 
give  rise  Co  a most  efficient  mix  of  men  and  machines,  or  (11)  by  the 
Increased  difficulty  of  managing  a larger  organization  that  eventually 
outweighs  economies  resulting  from  the  Increased  specialization  chat 
larger  size  makes  possible  (or  (111)  by  both  of  these  factors  reinforcing 
one  another) . 

I In  the  short  run  the  firm's  capital  stock  Is  fixed.  The  short 

run  total  cost  function  gives  the  total  cost  of  producing  each  level 
I of  output,  given  this  fixed  stock  of  capital.  The  short  run  average 

I 

cost  function,  SRAC  , and  Che  short  rtu  marginal  cost  function,  SRMC  , 

I are  constructed  In  a manner  similar  to  that  Illustrated  for  the  long 

I run  case.  It  should  be  noted  that  LRAC  < SRAC  except  for  that  level 

of  output  for  which  the  currant  plant  size  Is  optimal.  In  terms  of 

figure  II-5,  the  firm's  current  plant  size  Is  K , which  Is  not  optimal 

when  Q - Q , so  that  LRAC(Q^)  < SRAC(Q^)  . Mathematically,  the 
o o o 

I LRAC  curve  Is  the  envelope  of  all  the  SRAC  curves,  of  which  there 
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is  one  for  each  value  of  K 


LRAC  curve  at  the  point  at  which  the  corresponding  plant  size  Is 


optlaal,  as  In  figure  11-6.  Note  that  for  both  the  short  run  cost 


curves  and  Che  long  run  cost  curves,  aarglnal  cost  lies  below  (above) 


average  cost  when  the  latter  Is  falling  (rising) 


SRMC,  SRAC 
LRMC,  LRAC 


LRMC 


LRAC 


SRMC 


Figure  II-6:  Long  Run  EqulUbrlua  for  the 
Perfectly  Coapeclcive  Firs 


Given  the  short  run  and  long  run  total  cost  functions,  the 


profit  Baxialslng  flra's  objective  Is  to  find  the  level  of  output  Q 


that  solvaa  the  problaa 


where  C(Q)  repraaanca  the  short  run  or  long  rtm  total  cost  function 


depending  on  whether  K Is  constant  and  where  it  la  understood  that 


in  the  short  run  version  of  problaa  (18)  the  plant  size  K Is  fixed 


while  in  the  long  run  version  K Is  variable  and  C(Q)  gives  tiie 


|>  total  coat  of  production  whan  tha  optima  aaount  of  capital  K la 

eaployed.  The  flrat  order  condition  for  a aolutlon  to  (18)  Is 

P - C'(Q)  - 0 or  P - MC  , (19) 

which  is  Identical  to  conditions  (12)  and  (15).  The  second  order 
condition  Is 

7r"(Q)  - - C”(Q)  < 0 or  C’'(Q)  - ^(MC)  > 0 . (20) 

Together  (19)  and  (20)  characterize  the  equilibrium  position  — as  viewed 
froB  the  product  market  — of  the  Individual  flra  under  perfect  competi- 
tion. According  to  (19)  and  (20),  In  order  that  the  flra  be  in  equilib- 
rium , It  Is  necessary  that  price  equal  marginal  cost  and  that  marginal 
cost  be  increasing.  The  short  run  case  Is  depicted  In  figure  11-4, 
where  the  firm  earns  positive  profit  equal  to  the  area  of  the  shaded 
rectangle. 

By  way  of  sumnarlzlng  this  section's  discussion  up  to  this  point, 
the  characterlatlea  of  tha  model  of  the  firm  under  perfect  competition, 
for  the  special  case  of  one  output  and  two  Inputs,  are  summarized  In 

table  II-4.  The  analytical  framework  on  which  the  table  la  based  was  i 

dlacuBsed  above  In  section  A. 


I 


( 


Table  II-4  Model  Sunnary:  Perfect 

Coapetltlon  (1  output/2  Inputs) 


Claas; 

Plrm*8  Oblectlve; 
Conatralnta; 


traditional  (see  (5) , (6)  In  text) 
profit  maximization 

technological  (embodied  In  the  production  function) , 
nonnegativity  constraints  on  the  decision  variables 


Variables: 
Exoienous ; 


prices  of  lnput£  (v  and  1)  and  of  output  (p) , 
capital  stock  (K)  In  the  short  run  model  (6)  only 


Endo£enous ; Input  leveKs)  (L  In  both  models,  K In  the 

long  run  model  (5)  only) , output  level  (Q) , 
and  total  profit  (v) 


Decision:  labor  Input  (L)  In  both  models,  capital  Input 

(K)  In  the  long  run  model  (6)  only 

Finance:  subsumed 

Certainty /Uncertainty;  assumes  certainty 


Equilibrium/ 

Disequilibrium; 

Time; 

Type  of  Model; 


Solution  Technique; 


characterization  of  equilibrium 
single  period 

static  optimization  (nonlinear  progranmilng 
problem) 

unconstrained  optimization  under  assumption  that 
solution  Is  nontrivial;  otherwise  generalized 
Lagrange  multipliers. 


If  the  Individual  firm,  which  until  now  has  been  considered  In 
Isolation,  Is  placed  within  a perfectly  competitive  market  altuatlon. 

It  Is  possible  to  suggest  the  nature  of  market  equilibrium.  Over  the 
long  run  poaltlvs  profit  cannot  peralat  since,  by  sssumptlon  (111) 
above,  new  firms  are  free  to  enter  the  Industry.  The  effect  of  new 
entrsnts  will  be  to  reduce  the  msrket  price  p tmtll  It  equals  average 
cost.  In  long  run  market  equilibrium,  all  flirma  aam  zero  economic 

i 

I 

»- 


C 
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profit,  as  depicted  by  figure  I 1-6,  and  p ■ SRMC  * SRAC  » LRMC  * 
LRAC.^^ 

Having  dealt  with  the  two- Input-single-output  case  the  model 
of  the  profit-maximizing  firm  under  perfect  competition  will  now  be 
generalized  to  permit  n outputs  and  m Inputs.  The  production 
function,  which  la  most  easily  stated  In  Implicit  form.  Is 


(21) 


where  denotes  the  output  of  the  1-th  product  and  x^  denotes  the 

amount  used  of  the  j-th  Input,  and  where  It  Is  normally  assumed  that 

all  first-  and  second-order  partial  derivatives  are  continuous  and 

37 

nonzero  for  all  nontrivial  solutions.  If  all  product  and  factor 
markets  are  perfectly  competitive,  then  the  firm  takes  all  output 
prices  and  all  Input  prices  as  given.  Letting  the  price  of  each  output 
be  denoted  by  p^  and  the  price  of  each  Input  be  denoted  by  r^  , 
the  firm's  total  profit,  n , is  given  by 


I Pjdj  - I r X , (22) 

1-1  ‘ ^ j-1  J ^ 


and  the  objective  Is  to  select  q^'®  *j'*  maximize  (22) 

38 

subject  to  (21).  Stated  more  compactly  In  vector  notation,  the 
model  of  the  firm  is  formulated  as  the  following  nonlinear  programming 
problem: 

maximize:  n - q * p - x • r 

{q,I}  (23) 

subject  to:  F(q  , x)  - 0 , 


G 
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where  q is  the  1 x n rcw  vector  of  outputs,  p Is  the  n x 1 
vector  of  output  prices,  x Is  the  1 x m row  vector  of  inputs,  and 

— 39 

r is  the  m X 1 vector  of  input  prices.  Applying  the  method  of 
Lagrange  multipliers,  the  Lagrangian  is 


- q • p - X • r + A • F(q  , x)  , 


where  A is  the  Lagrange  multiplier,  and  the  first-order  conditions 
for  an  optimal  solution  are  the  following: 


— ^ ■*  p -f  A * 0 

3qi  *^1  ^ aq^ 


eeegtl 


95^  ■ ■ ‘ ^ ‘ " 


Taking  any  two  of  the  first  n eqtiations,  solving  each  for  A , 
equating  the  two  expressions,  and  rewriting  gives 


i<k<« 

Pji  a^/3qt  aqjj 

1 < f < n 


where  the  last  equality  follows  from  the  implicit  fuuctlon  rule.  The 
quantity  - called  the  rata  of  product  transformation,  and 

it  is  intsrprstad  as  the  rats  at  which  ona  product  can  be  traded  off 

□ 

for  another  whan  the  firm's  production  function,  all  Inputs,  and  all 


other  outputs  are  held  fixed.  Condition  (25)  is  Interpretable  as 

requiring  that,  for  every  pair  of  outputs,  the  rate  of  product  trans- 

AO 

formation  equal  the  ratio  of  the  prices  of  the  two  goods.  Next, 
taking  any  two  from  the  second  set  of  m equations  and  performing  the 
same  operation  as  that  done  to  obtain  (25)  yields 


It ^ 


1 ^ k ^ m 
1 < )l  < m 


(26) 


Condition  (26)  is  equivalent  to  condition  (16)  for  the  case  of  two 
Inputs  and  is  interpretable  as  requiring  that,  for  every  pair  of 
inputs,  the  rate  of  technical  substitution  equal  the  ratio  of  the 
prices  of  the  two  Inputs.  Finally,  taking  any  one  of  the  first  n 
equations  and  any  one  of  the  second  m equations  and  performing  the 
same  manipulation  gives 

1 < «.  <^  n 

(27) 

1 ^ k ^ m 

Condition  (27)  is  equivalent  to  condition  (14)  for  the  case  of  two 
inputs  and  one  output  and  is  interpretable  as  requiring  that  the  value 
of  the  marginal  product  of  each  input  with  respect  to  each  output 
equal  the  input  price.  Collectively,  conditions  (25)  - (27)  are  the 
necessary  conditions'^  for  profit  maximization  for  the  individual  firm 
using  m inputs  to  produce  n outputs  when  all  markets  are  perfectly 
competitive.  Collectively,  conditions  (25)  - (27)  characterize  the 
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equillbrlua  position  of  the  Individual  firm  under  perfect  competition; 
If  the  firm  Is  to  be  In  equilibrium.  It  Is  necessary  that  Its  Input 
and  output  levels  satisfy  these  three  sets  of  conditions. 

In  terms  of  the  analytical  framework  set  out  in  section  A, 
the  characteristics  of  the  model  are  summarized  In  table  II-S. 


Table  IZ-S  Model  Summary:  Perfect 

Competition  (n  outputs /m  Inputs) 


Class:  traditional  (see  (23)  In  text) 

Firm’s  Oblective:  profit  maximization 

Constraints:  technological  (embodied  In  the  production 

function) , nonnegativity  constraints  on  the 
decision  variables 


Variables: 

Exogenous : 
Endogenous : 

Decision: 

Finance: 

Certainty /Uncertain tv; 

Equilibrium/ 

Disequilibrium; 

Time; 

Type  of  Model; 

Solution  Technique; 


prices  of  Inputs  (r^)  and  of  outputs  (p^^) 

Input  levels  (x. ),  output  levels  (q.),  and  total 
profit  (ti)  ^ 

Input  levels  (x^)  and  output  levels  (q^) 
s(i>sumed 

assumes  certainty 

characterization  of  equilibrium 
single  period 

static  optimization  (nonlinear  programming 
problem) 

unconstrained  optimization  under  assumption 
that  solution  Is  nontrivial;  otherwise  generalized 
Lagrange  multipliers. 


With  the  model  of  the  individual  firm  under  perfect  competition 
having  been  described  in  mathematical  terms,  the  coMents  made  at 
the  beginning  of  this  section  should  be  more  meaningful.  The  model  is 
concerned  with  charac taxi zing  the  equilibrium  position  of  the  individual 
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firm,  and  It  is  partly  for  this  reason  that  the  owdel  appears  devoid 
of  any  competition.  But  even  In  disequilibrium,  the  perfectly  com- 
petitive firm  would  not,  by  assumption,  engage  In  advertising  or  any 
other  form  of  nonprice  competition.  Yet,  there  Is  considerable  support 
for  the  view  that.  In  the  real  world,  the  various  forms  of  nonprice 
competition  can  play  a significant  economic  role,  as  for  example, 
advertising  and  sales  promotional  efforts  that  disseminate  information 

and  product  differentiation  that  Involves  Improvements  In  product 

42 

quality  and  service.  The  perfectly  competitive  firm  Is  a price- 

taker,  a passive  participant  In  the  economy.  In  contrast,  Schumpeter 

has  emphasized  the  Importance  of  the  active  Innovating  role  that  firms 
43 

play  -*  a role  that  Is  not  In  the  repertoire  of  the  perfectly  com- 
petitive firm.  In  eddltlon,  the  model  of  the  firm  under  perfect  com- 
petition does  not  treat  the  role  of  finance  explicitly  and  it  assumes 
away  uncertainty,  thereby  abstracting  from  two  significant  real-world 
complications.  For  example,  empirical  evidence  Indicates  that  small 
firms,  which, according  to  the  standard  economic  realization  of  perfect 
competition,  would  be  typical  of  a perfectly  competitive  Industry, 

are  constrained  In  their  spending  on  research  and  development  (and 

A A 

more  so  than  larger  firms)  due  to  financial  limitations.  So,  whether 

or  not  the  perfectly  competitive  model  was  ever  intended  to  explain 

the  behavior  of  actual  firms.  In  the  words  of  Baumol: 

It  la  likely  to  be  Ill-advised  end  inappro- 
priate to  hold  perfect  competition  up  as  a 
model  for  the  structure  and  conduct  of  Industry 
In  practice.  Unfortunately,  this  precaution 
is  not  always  carefully  observed.^* 

But  before  a more  acceptable  standard  can  be  devised,  it  Is,  In  the 

opinion  of  this  writer,  necessary  tiiat  econoalsta  develop  a better 

understanding  cf  the  way  in  which  actual  bualnaas  enterprlsas  operate. 
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2.  Linear  Programing  Fonoulation 


r 


1 

1 


I 

I 

1 


( 
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The  model  of  the  firm  under  perfect  competition,  or  under  any 
other  market  structure  for  that  matter,  could  be  formulated  as  a linear 
programming  problem  provided  the  objective  function  and  the  constraints 
could  be  made  linear.  Under  perfect  competition  the  objective  function 
in  problem  (23)  is  linear  in  the  decision  variables  because  both  output 
prices  and  Input  prices  are  taken  as  given,  and  hence,  are  'reated 
as  constants.  It  remains  to  be  shown  that  the  constraint  set  can  be 
llnaarlzed.  How  this  is  accomplished  is  discussed  below. 

Before  discussing  the  linear  programming  formulation,  some 
conceptual  differences  between  it  and  the  nonlinear  programming  formu- 
lation (23)  should  be  noted.  Lagrange  multipliers  were  used  to  char- 
actcrlee  a solution  to  problem  (23),  that  Is,  to  develop  rules  (25)  - 
(27)  for  determining  the  optimal  usage  of  Inputs  and  the  optimal  levels 
of  output.  In  using  linear  programming  the  purpose  Is  usually  to  obtain, 
rather  than  characterize,  a solution.  Linear  progranmilng  is  a technique 
for  determining  the  optimal  allocation  of  fixed  amounts  of  inputs, 
and  the  solution  to  the  linear  progransning  problem  gives  the  specific 
optimal  allocation  of  these  stocks  of  resources.  Since  there  are  fixed 
supplies  of  some  Inputs,  the  linear  programming  problems  discussed  In 
this  section  are  best  thought  of  as  short  run  optimization  problems. 

In  this  subsection  two  types  of  linear  programming  problems  are 

* 

discussed.  In  chc  first  there  are  n outputs  and  m inputs,  but 
only  one  technique  available  for  producing  each  output.  In  the  second 
there  is  only  one  output,  but  there  are  n productive  techniques  avail- 
able and  again  there  are  m Inputs.  These  relatively  simple  problems 
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bring  out  the  diatlngulBhlng  fe«tur«s  of  the  linear  prograaning 
47 


formulation. 

In  the  first  case  the  firm  produces  n outputs,  the  amount 


of  each  being  denoted  by  , J * 1 , n . For  each  unit  of 


48 


the  J-th  output  the  firm  sells  it  earns  a profit  of  c^  . The  total 


profit  it  earns  is  the  sum  of  the  amounts  earned  on  sales  of  the 
different  products. 


ir  - Z c q 
J-1  ^ J 


(28) 


Assume  there  are  m inputs,  where  m < n , and  denote  the  amount 

Further  assume 


available  of  each  input  by  i * 1 • •••> 


that  each  unit  of  the  j-th  product  requires  a^^  units  of  the  i-th 


input,  where  a^^  is  a constant  l<l<m,  2£j£n 


Then  since 

the  firm  cannot  use  more  than  the  available  amounts  of  the  m inputs, 
the  optimal  output  levels  must  satisfy  the  m constraints 


•u  "l  * *12  "2  * •••  * 

*21  ’l  ♦ *22  "2  * •••  *•*2. ''ni‘'2 


?■  (29) 


•ml  "l  "■*,2  ’2  * •••  * *mn  ’n  i 


J 


In  addition,  the  optimal  output  levels  must  satisfy  the  nonnagativity 
constraints 


qj  > 0 , J-1 


(30) 


© 
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The  profit  ■ezialzlng  fln'a  objective  is  to  Mxiaize  (28)  s(i>Ject 
to  (29)  and  (30),  which  is  easily  carried  out  with  the  aid  of  the 
simplex  algorithm.  For  convenience  the  optimization  problem  can  be 
stated  more  compactly  using  vector-matrix  notation  as 

maximize:  x > c * q 

std>Ject  to:  A • q ^ b (31) 

9^0  , 

where  c is  the  1 x n vector  of  contribution  margins,  q is  the 

n X 1 vector  of  outputs,  A is  the  m x n matrix  of  fixed  production 

coefficients,  and  F is  the  m x 1 vector  of  resource  availabilities. 

As  a consequence  of  the  extreme  point  theorem,  the  optimal  solution  to 

problem  (31)  can  have  no  more  than  m decision  variables  at  a positive 
49 

level.  Thus,  at  least  n-m  of  the  output  levels  are  zero,  l.e.  it 
is  not  optimal  for  the  firm  to  produce  all  n goods. In  terms  of 
the  analytical  framework  set  out  in  section  A,  the  characteristics  of 
the  model  are  summarized  in  table  II-6. 


Table  II-6  Model  Suaaary:  Perfect  Conpetltlon 
(linear  prograaBlng  foraulatlon) 


) 


i 


I 


» 

! 

i 


Claaa; 

Fine's  Oblectlve; 
Constrainta; 


Varlablea; 
Exogenous ; 


Endogenous ; 

Decision! 

Finance: 


traditional  (see  (31)  in  text) 
profit  maximization 

technological  (esbodied  in  the  fixed  production 
coefficients),  resource  availabilities,  and 
nonnegativity  constraints  on  the  decision 
variables 


contribution  margins  ^vector  c) , production 
coefficients  (matrix  A),  and  stocks  of  resources 
(vector  b) 

input  and  output  levels  (vector  ^ , total 
profit  (tt) 

input  and  output  levels  (vector  ?f) 
subsumed 


Certainty /Uncertainty: assumes  certainty 

Equilibrium/ 

Disequilibrium: 


Time: 

Type  of  Model: 
Solution  Technique: 


determination  of  equilibrium  input  and  output 
levels 

single  period 

static  optimization  (linear  programming  problem) 
simplex  method  could  be  used. 


As  a consequence  of  the  fixed  production  coefficients,  the 
production  function  represented  by  the  matrix  A exhibits  constant 
returns  to  scale.  The  optimal  solution  to  (31)  will  be  of  the  form 


% - B-i  -r  , 

where  B is  the  matrix  formed  by  the  columns  of  A that  remain  in 
the  basis  at  the  final  step  of  the  simplex  algorithm.  If  all  inputs 


146 


O 


are  Increased  by  the  sane  proportion  k , %fhlle  the  coefficients  c 


are  not  altered,  the  basic  varlablea  do  not  change  and  the 


1 solution  la 


Thus,  outputs  Increase  In  the  saae  proportion  k and  returns  to  scale 


are  constant.  This  result  marks  one  of  the  differences  between  the 


linear  and  the  nonlinear  formulations:  In  the  nonlinear  case  the 


production  function  could  be  made  to  exhibit  either  Increasing  or 
decreasing  returns  to  scale,  as  well  as  constant  returns  to  scale. 

The  dual  linear  programming  problem  to  (31)  Is  also  of  economic 


Interest.  Denoting  by  w the  1 x m vector  of  dual  variables,  the 


minimize 


subject  to:  w 


The  dual  variables  serve  the  same  mathematical  role  and  have  the  same 


economic  Interpretation  as  the  Lagrange  multipliers  In  the  nonlinear 
formulation.  The  variable  w^  gives  the  rate  of  change  of  total 
profit,  IT  , %rlth  respect  to  an  increase  In  b^  . In  syii>ols, 
w,  * dir/Bx.  , and  w.  Is  called  the  Implicit  price  of  an  additional 


unit  of  Input  j . In  the  nonlinear  formulation  of  the  previous  subsection 
for  each  Input  that  Is  In  fixed  supply  s constraint  of  the  form 


g^(x^  x^)  £ must  be  added  and  an  additional  Lagrange  multi* 

pller  must  be  Introduced  when  the  problem  Is  solved.  This 
Lagrange  multiplier  la  also  Interpreted  as  an  Implicit  price 
X^  - 3ir/3b^ 

The  second  type  of  linear  programnlng  problem  that  Is  of  Interest 

Is  that  In  which  the  firm  produces  one  output  and  has  a choice  of  n 

productive  techniques  that  It  may  use  Individually  or  in  combination. 

In  the  linear  programming  formulation  the  notion  of  a production 

function  Is  replaced  by  the  somewhat  simpler  notion  of  a process,  or 
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activity.  The  firm  produces  Its  output  using  one  or  more  processes, 
for  each  of  which  the  input  coefficients  are  fixed  for  all  levels  of 
output.  Thus,  each  process  exhibits  constant  returns  to  scale.  For 
exa^>le,  suppose  there  are  three  production  processes.  Process  1 uses 
3 units  of  K and  1 unit  of  L for  each  5 units  of  output,  while 
process  2 uses  2 units  of  K and  2 units  of  L and  process  3 

uses  1 unit  of  K and  4 units  of  L for  each  5 units  of  output. 

Each  of  these  processes  Is  represented  by  a ray  emanating  from  the 
origin  In  figure  11*7,  the  slope  of  each  being  the  constant  Input 
proportion  that  characterizes  the  process. 


I 

I 

I 


I 


Figure  II-7:  Three  Production  Processes 


To  produce  Q ■ 5 units  of  output  the  flm  can  use  process  1 

only,  which  Is  represented  by  point  A In  figure  11-7;  or  It  can  use 

process  2 only  (point  B)  or  process  3 only  (point  C) ; or  it  can  use 

the  processes  In  combination.  If  It  were  to  use  processes  1 and  2 

In  coablnatlon,  the  firm  could  produce  Q ■ S units  of  output  using 
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any  of  the  Input  combinations  lying  on  the  line  segment  AB.  Corres- 
pondingly, using  processes  2 and  3 would  require  the  Input  coablnatioos 
lying  on  BC  , with  the  particular  coiblnatlon  depending  on  the  propor- 
tion of  output  produced  using  each  process.  Clearly  the  firm  would 
not  combine  processes  1 and  3 since  the  required  Input  combinations. 
Which  would  lie  on  AC  , exceed  the  amounts  that  would  be  used  to 
produce  the  same  level  of  output  If  processes  1 and  2 or  processes  2 
and  3 were  cosblned  to  yield  the  same  input  proportion.  Thus,  the  line 
segment  Joining  A and  B and  the  one  Joining  B and  C define  the 
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Q ■ 5 Isoquant,  which  Is  analogous  to  the  Isoquants  In  figure  II-2. 
difference  Is  that  In  the  linear  case  the  Isoquants  are  piecewise 
linear  and  are  not  differentiable  at  points  where  one  process  only 
Is  used. 

If  one  were  to  Increase  the  nusd>er  of  processes  In  figure  II-7, 
the  Isoquants  would  begin  to  look  more  and  more  like  the  smooth  Iso- 
quants In  figure  II-2.  As  the  nuiii>er  of  processes  Increases,  the  line 
segments  shrink  In  length  and  the  piecewise  linear  contour  approxi- 
mates a smooth  contour  more  and  more  closely.  The  nonlinear  case 
with  Its  smooth  Isoquants  can  be  viewed  as  the  limiting  case  of  the 
linear  model  In  which  there  exist  an  Infinite  number  of  available 
processes. Moreover,  the  conditions  of  optimality  derived  In  the 
linear  case  carry  over  to  the  nonlinear  case.^^ 

The  economic  choice  facing  the  firm  Is  the  selection  of  the 
levels  at  which  the  processes  are  to  be  operated.  VThen  operated  at  a 
higher  level  a process  requires  proportionately  more  of  both  Inputs 
and  yields  proportionately  more  output.  For  example,  the  activity 
level  of  a process  for  producing  cars  could  be  the  speed  of  the  assembly 
line.  Once  the  optimal  operating  levels  of  the  various  processes  have 
been  determined,  the  output  level  is  uniquely  established,  and  from 
the  fixed  Input  coefficients  the  Input  usage  levels  are  also  uniquely 
determined.  Thus,  unlike  the  nonlinear  case  in  which  the  Input  levels 
were  found  directly.  In  the  linear  case  the  lnr*ic  usage  levels  are 
set  Indirectly. 

To  express  the  problem  In  linear  programing  format  it  Is  easier 
to  express  the  objective  function  and  constraints  In  terms  of  output 


150 


levels  rather  than  levels  of  operation  of  the  various  processes.  The 


problem  confronting  the  firm  Is  then  the  same  as  (31),  where  la 
the  level  of  output  using  process  J,  Is  the  contribution  margin 
earned  on  each  unit  of  output  produced  using  process  j,  and  the  J-th 


column  of  A contains  the  fixed  Input  coefficients  for  the  j-th 


process.  Once  again  b Is  the  vector  of  resource  availabilities. 

For  the  above  example.  If  24  units  of  K and  16  units  of  L are 
available  and  the  contribution  margins  are  c^  - 5 , ^2  * ^ 
c^  - 10  , then  the  problem  is  to 


maximize:  ■ S.Oqj^  + 7.0q2  + 10. Oq^ 

subject  to:  .bq^^  + .Aq^  + .2qj  < 24 

.2qj^  + .Aq^  + .Sq^  < 16 

‘*1  ’ ‘•2  ’ **3  - ° 

the  solution  to  which  Is  q^^  - 20  , q^  ■ 30  , and  x • 310.^^ 

The  two  problems  considered  above  are  simple  versions  of  the 
more  general  problem  In  which  the  firm  must  decide  which  products  to 
produce  and  which  processes  to  use.  Since  both  problems  are  of  the 
form  of  (31),  It  should  be  clear  that  the  more  generalltjd  problem 
will  be  also.  Indeed,  by  looking  at  each  process  svallsble  for 
producing  esch  product  as  a process  for  producing  revenue  (rather  than 
output) , figure  II-7  can  be  generalized  to  permit  many  products  and 
many  processes  avsllsble  for  producing  each.  In  this  formulation 
Isorevenue  lines  would  replsce  Isoquants,  and  each  product  produced 
by  a different  process  would  be  crested  as  s ssparate  q^  with  Its 
own  contribution  margin  c^  , and  Che  resulting  linear  programming 
problem  would  look  like  (31) . 
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The  problem  discussed  above  were  all  market-oriented.  One 

other  important  application  of  the  linear  progranning  technique  is  to 
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internal  corporate  planning.  For  example,  the  dual  variables  can 
serve  as  transfer  prices  when  resources  are  transferred  within  the 
firm  from  one  division  to  another  or  from  one  plant  to  another.  Thus, 
as  far  as  the  internal  workings  of  the  firm  are  concerned,  the  dual 
problem  is  of  somewhat  greater  Interest  than  the  primal  problem. 

3.  Monopoly 

Thus  far  it  has  been  assumed  that  all  markets  are  perfectly 
competitive.  The  individual  firm  has  been  unable  to  influence  the 
prices  it  receives  for  the  goods  it  sells  or  the  prices  it  must  pay 
for  the  Inputs  it  purchases.  In  most  cases,  however,  markets  are 
imperfectly  competitive.  The  actions  of  one  or  more  buyers  are  per- 
ceived to  have  an  Influence  on  price.  When  the  firm  is  able  to 
Influence  the  price  of  its  output,  it  is  said  to  possess  some  degree 
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of  monopoly  power.  This  section  deals  with  the  limiting  case  in 
which  there  la  a single  seller  of  a product  for  which  there  are  no 
close  substitutes  — a market  structure  known  as  monopoly. Sections 
C,  D,  and  E discuss  market  structures  in  which  there  is  more  than  one 
seller,  with  each  having  some  degree  of  monopoly  power. 

A monopolist  can  influence  the  market  price  of  its  product  by 
varying  the  amount  of  the  good  it  offers  for  sale.  Normally,  consumers 
of  a good  would  be  willing  to  purchase  more  of  a good  only  if  the  price 
were  lowered,  and  the  demand  function 

q • D(p)  (33) 
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expresses  the  quantity,  q , consumers  would  be  willing  to  purchase 
if  the  market  price  were  p . The  demand  function  (33)  is  single-valued 
with  dq/dp  < 0 , so  that  it  possesses  an  Inverse  function 


p ■ p(q) 


with  dp/dq  < 0 , which  shows  how  market  price  will  vary  in  response  to 
the  changes  in  the  amount  of  the  good  the  monopolist  offers  for  sale. 

The  demand  curve  facing  the  monopolist  is  downward-sloping  like 
the  DD  curve  in  figure  11-8.^^  Since  the  monopolist  is  the  sole  pro- 
ducer of  the  good,  its  demand  curve  is  the  market  demand  curve  for  the 
product.  This  is  in  contrast  to  perfect  competition,  where  the  market 
demand  curve  is  also  downward-sloping  but  the  demand  curve  facing  the 
individual  producer  is  horizontal  since,  by  assumption,  each  producer 
is  able  to  sell  as  much  as  it  likes  at  the  prevailing  market  price. 

The  monopolist's  total  revenue,  R , is  equal  to  price  times 
quantity,  and  since  price  is  a function  of  quantity  sold,  so  is  total 
revenue: 


R(q)  m p . q m p(q)  . q 


Differentiating  (35)  with  respect  to  q gives  marginal  revenue. 


HR(,)  q 


which  la  lass  then  price  since  dp/dq  < 0 . Marginal  revenue  is 
leterpreChble  as  the  net  addition  to  total  revenue  resulting  from  the 


sale  of  an  additional  unit  of  output.  Marginal  revenue  Is  less  than 

price  since  an  Increase  In  quantity  sold  necessitates  a decrease  In  the 

price  of  all  units  sold.  The  marginal  revenue  function  (36)  has  been 
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graphed  as  the  MR  curve  In  figure  II-8. 

The  monopolist  may  also  have  some  Influence  over  the  prices  It 

pays  for  Inputs,  with  the  price  of  each  depending  on  how  much  It 
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purchases.  The  price  it  pays  for  the  J-th  Input,  r^  , Is  then  a 
function  of  Xj  , the  amount  purchased: 


r^  * r^ ...,m. 


Since  In  general  the  firm  can  purchase  more  of  an  Input  only  If  It  Is 
willing  to  pay  a higher  price,  drj/dx^  >0,  j-l,...,m.  The 
total  outlay,  , for  units  of  the  j-th  Input  Is  then 


'j  ■ 'j  ■ ■ ■‘j  • 


The  derivative  of  (38)  Is  Interpreted  as  the  marginal  cost  of  the  J-th 
Input , 


which  Is  more  than  the  price  of  the  J-th  Input  since  dr^/dx^  > 0 . 
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The  model  of  the  monopolist  can  be  formulated  as  the  following 
mathematical  programming  problem: 

m 

'/l^  • /I  * T V 

J (40) 


maximize: 

m 

IT  - p(q)  • q - Z 

{q  ,Xj^,...,x^} 

j-1 

subject  to: 

q - f(x,  , ...,  X ) 
X m 
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where  q ■ f(x,  , x ) Is  the  firm's  production  function. 

1 m 

Once  again  focusing  on  nontrivial  solutions  and  applying  Lagrange 
multipliers,  the  Lagranglan  Is 


p(q) 


m 

- Z 
j-1 


Xj  + X(f(Xj 


*«>  - 
IB 


and  the  necessary  conditions  for  an  optimal  solution  to  (40)  are  the 
follcwlng: 


3x^ 


p(q)  ^ • *1  ~ ^ ° 


- 0 


j « 1.  . 


> (Al) 


TT  “ ^<*1 *.>  - *1  “ ° • 


J 


The  three  conditions  In  (41)  can  be  used  to  characterize  the  equilibrium 
position  of  the  monopolist.  The  first  condition  in  (41)  requires  that 
at  optimality  the  Lagrange  multiplier  equal  marginal  revenue. 


X - p(q)  + ^ • q “ 


(42) 
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where  the  last  equality  follows  from  (36).  The  second  set  of  m 
conditions  requires  that 


*j  ’ J " ^ “ 


Using  (39)  and  (42)  and  the  fact  that  3f/9xj  Is  Interpreted  as  the 
marginal  productivity  of  the  j-th  Input,  condition  (43)  can  be 
reexpressed  as 


MR  • MPj  - MCj  . 


The  product  MR  • MP^  Is  Interpreted  as  the  marginal  revenue  product 

of  Input  j and  Is  the  Increase  In  revenue  resulting  from  the  use  of  an 

additional  unit  of  Input  j . In  words , condition  (44)  Is  Interpretable 

as  the  requirement  that  usage  of  the  j-th  Input  be  Increased  up  to 

the  point  at  which  the  net  addition  to  revenue  attributable  to  the 

last  unit  of  the  J-th  Input  Just  equals  the  net  addition  to  cost 
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required  to  obtain  It. 

The  last  condition  In  (41)  Is  Just  the  production  function. 

It  should  be  noted  that  the  appearance  of  the  production  function  as 
a necessary  condition  can  be  given  the  following  economic  Interpretation. 
If  problem  (40)  had  been  stated  with  the  constraint  expressed  as  the 
Inequality 


<l  1 ^(*j^.  •••.  *„)  • 


I 


and  If  the  modified  problem  had  been  solved  with  the  aid  of  generalized 
Lagrange  multipliers,  the  set  of  necessary  conditions  would  have 
Included  the  following  three  necessary  conditions: 

q < f(x  , X ) X(f(x X )-  q)  - 0 X > 0 . 

— X O X ID  — 


If,  at  optimality,  marginal  revenue  Is  positive  (as  It  must  be,  except 

In  the  unusual  case  In  which  marginal  revenue  and  marginal  cost  are 

both  zero  at  optimality) , It  follows  from  (42)  that  X - MR  > 0 . 

Since  the  middle  of  the  three  conditions  requires  that  at  least  one  of 

the  terms  In  the  product  X(f(x, , ...,  x ) - q)  be  zero.  It  follows 

1 m 


^ (*i  > • • • » » 

1 m 


which  Is  Interpretable  as  the  requirement  that,  at  optimality,  the 
Inputs  be  combined  with  maximum  technical  efficiency  In  order  that 
maximum  output  be  obtained  from  the  amounts  of  Inputs  applied  In 
production.  Thus,  the  last  condition  In  (41)  can  be  Interpreted  to 
mean  that  profit  maximization  requires  maximum  technical  efficiency. 

Condition  (43)  can  also  be  reexpresscd  so  as  to  yield  the 
product  market  solution.  Dividing  each  side  of  (43)  by  9f/3xj  and 
using  (42)  yields 


5?75«; 


r 


whldi  is  interpreted  to  mean  that,  at  optimality,  marginal  revenue 
must  equal  the  marginal  cost  of  producing  an  additional  unit  of  output 
in  terms  of  each  of  the  j inputs  individually.  But  this  common 
value  of  marginal  cost  in  terms  of  each  input  is  what  was  called 
previously  the  marginal  cost  of  output,  MC  , so  that  (45)  is  equivalent 
to  the  familiar 

MR  - MC  (46) 


rule  for  profit  maximization  under  iiiq>erfect  competition.  The 
optimum  level  of  output  is  determined  in  figure  II-8  by  the  intersection 
of  MR  and  MC  Total  profit  is  equal  to  the  area  of  the  shaded 

rectangle. 


The  situation  depicted  by  figure  II-8,  with  the  oonopollst 


selling  q*  units  of  output  at  price  p*  and  earning  positive  economic 


profit  equal  to  the  area  of  the  shaded  rectangle,  could  persist  until 


some  new  entrant  were  able  to  break  Into  the  Industry,  In  which  case 


the  Industry  would  no  longer  be  a monopoly.  If  entry  were  prohibited 


monopoly  profits  could  persist  forever.  This  Is  In  contrast  to  what 


happens  In  market  equilibrium  under  perfect  competition  where  free 


entry  forces  each  firm  to  produce  at  the  minimum  point  on  Its  long  run 


average  cost  curve  and  to  earn  zero  economic  profit  In  the  long  run 


Under  monopoly,  the  firm  In  long  nm  equilibrium  can  earn  positive 


economic  profit.  In  addition.  In  long  run  equilibrium  the  monopolist 


will  not  minimize  average  total  cost  and  Its  price  will  exceed  marginal 


cost,  as  Illustrated  by  figure  II-8.  In  terms  of  the  analytical  frame 


work  discussed  In  section  A,  the  characteristics  of  the  model  of  the 


monopolistic  firm  are  summarized  In  table  II-7 


Monopoly  Is  criticized  because  It  tends  to  lead  to  output  that 
is  'too  low'  and  price  that  Is  'too  high',  and  by  Implication,  any  firm 
that  possesses  some  degree  of  monopoly  power  Is  tainted.  In  the  United 


States  true  monopoly  is  not  a common  occurrence,  almost  always  being  the 
result  of  either  government  policy,  such  as  In  the  case  of  regulated 
utilities,  or  a temporary  situation  that  results  from  a successful 


innovation  and  that  lasts  until  a competitor  can  enter  the  market. 

In  the  first  case,  monopoly  status  may  be  conferred  on  a firm  because 
of  the  existence  of  substantial  economies  of  scale  In  production,  and 


Table  11-7  Model  Summary:  Monopoly 


Class; 

Firm's  Objective; 
Constraints; 


Variables; 

Exogenous ; 

Endogenous ; 

Decision; 

Finance; 

Certainty /Uncertainty; 

Equilibrium/ 

Disequilibrium; 

Time; 

Type  of  Model; 

Solution  Technique; 


traditional  (see  (40)  In  text) 
profit  maximization 


technological  (embodied  In  the  production 
function) , nonnegativity  constraints  on  the 
decision  variables,  market  demand  relation 
(q  ■ D(p)),  and  Input  supply  functions 

(rj  - 


none  (Input  prices  If  factor  markets  were 
perfectly  competitive) 

price  (p),  output  level  (q) , Input  levels  (x  ) , 
Input  prices  (r^),  and  total  profit  (tt)  ^ 

output  level  (q)  and  Input  levels  (Xj) 

subsumed 

assumes  certainty 


characterization  of  equilibrium 
single  period 

static  optimization  (nonlinear  programming 
problem) 

Lagrange  multipliers  (could  have  solved  (40) 
as  an  unconstrained  problem  by  substituting 
for  q In  the  objective  function,  although 
the  information  conveyed  by  A would  have  been 
lost)  If  nontrivial  solution  Is  assumed; 
otherwise  generalized  Lagrange  multipliers. 


hihll 


( 


I 

1 


O 


In  the  second  case,  the  tesporary  nonopoly  situation  may  be  viewed  as 
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a reward  for  successful  Innovation.  With  the  exception  of  these 
special  cases.  It  Is  generally  believed  that,  on  grounds  of  economic 
welfare,  monopoly  Is  undesirable,  and  more  specifically,  that  whatever 
social  benefits  ml^t  be  derived  from  taking  greater  advantage  of 
economies  of  scale  In  production,  distribution,  research  and  develop- 
ment, etc.,  are  outwel^ed  by  the  potential  loss  of  social  welfare 
due  to  price  exceeding  marginal  production  cost,  to  long  run  average 

total  cost  not  being  minimized,  and  to  the  potential  social  costs 
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associated  with  possible  abuses  of  monopoly  pewer.  Accordingly, 
government  antitrust  policy  hss  souj^t  to  prevent  monopolies  from 
developing  (e.g.  ss  through  mergers). Unless  this  policy  changes, 
monopoly  In  the  American  economy  will  continue  to  be  confined  to 
regulated  Industries  and  to  temporary  sltuatlona. 

C.  COURNOT'S  MODEL  OF  DUOPOLY 

A market  structure  In  which  there  are  a few  sellers  and  In  which 
each  of  these  sellers  perceives  ths  other  sellers  serving  the  seme 
market  as  rivals  Is  cslled  an  oligopoly.  Duopoly  Is  a special  case 
of  oligopoly  In  which  there  are  Just  two  sellers.  Because  there  are 
few  sellers,  under  oligopoly  coag>etlng  firms  can  Influence  the  market 
price,  and  the  profits  earned  by  any  one  firm  therefore  depend  on  the 
policies  of  all  flmm  In  the  Industry.  Each  firm  chooses  Its  policies 
In  recognition  not  only  of  their  direct  effects,  but  also  with  a view 
toward  their  expected  Indirect  effects  - the  likely  reactions  of  their 
competitors.  What  makes  duopoly  so  much  simpler  snalytlcally  then 
Che  more  general  case  Involving  two  or  more  sellers  Is  that  taking 


1 


I 

I 


lA.*  • 
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Into  account  the  reactions  of  one  firm  to  the  policies  of  Its  rlval(s) 

Is  much  simpler  when  there  are  only  two  firms. 

The  first  part  of  this  section  describes  the  Cournot  analysis 
of  duopoly  and  mentions  some  extensions  of  the  Cournot  model. ^ The 
second  part  describes  a game  theoretic  approach  to  the  analysis  of 
duopoly  In  which  the  behavior  of  the  two  firms  is  modeled  as  a two-person 
game. 

1.  Cournot's  Model  and  Conjectural  Variations 

Assume  there  are  two  firms  producing  a homogeneous  product. 

Total  Indijstry  output  of  the  product  Is  the  sum  of  the  amounts  produced 
by  the  two  firms,  q ~ ^2  • market  price  Is  a function  of 

this  aggregate  output  p ■ p(qj^  + q2)  • Since  each  duopolist's  output 
is  sold  at  price  p , the  total  revenue  earned  by  each  Is  dependent 
on  Its  own  output  level  as  well  as  that  of  Its  rival: 


Ri(qi  . q2)  ■ + q2) 

^2^**!  ’ **2^  “ **2  ' **^**1  ^ *^2^ 


(47) 


Similarly,  each  duopolist's  total  profit  depends  on  Its  own  and  on 
its  rival's  output  levels: 


iti(qi  . qj)  ■ 

"**2  * ”*■  **2^  " ^2^‘>2^  ’ 


(48) 
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where  It  has  been  assuaed  that  each  flm'a  total  cost  depends  on  Its 
72 

own  output  only.  Each  fin's  objective  is  to  select  Its  own  level 


of  output  so  as  to  nazlinlze  its  total  profit.  Differentiating  each 


fin's  profit  function  In  (48)  with  respect  to  Its  own  level  of  output 


and  setting  the  result  equal  to  aero  gives 


The  derivatives  dq./dq  In  (49)  and  dq  /dq.  In  (50)  are  called 


conjectural  variations.  The  conjectural  variation  dq2/dq^  can 
be  Interpreted  as  the  first  duopolist's  expectation  as  to  how  Its 


rival's  output,  q 


will  respond  to  changes  In  Its  own  output 


and  dq./dq.  Is  Interpreted  similarly.  In  the  Cournot  analysis 


conjectural  variations  are  always  zero,  l.e 


Equations  (49)  and  (50)  can  be  rewritten  as 


where  the  expression  on  the  left-hand  side  of  each  aquation  represents 


marginal  revenue  (the  appropriate  derivative  of  (47))  and  the  right" 
hand  side  repreaents  marginal  cost.  Thus,  equations  (51)  represent  the 
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familiar  MR  ■ MC  necessary  condition  for  profit  maximization. 

Equations  (51)  also  Imply  that  each  firm's  marginal  revenue  and 
equilibrium  level  of  output  are  dependent  on  Its  conjectural  variation. 

Equations  (49)  and  (50)  cannot  be  solved  for  the  equilibrium 
levels  of  output  q^  and  q^  unless  the  conjectural  variations  are 
specified.  In  the  Cournot  analysis  It  was  assumed  that  each  conjectural 
variation  Is  zero,  which  Implies  that  each  duopollst  assumes  that 
variations  In  Its  output  level  will  not  Induce  changes  In  Its  rival's 
output  level.  Granted  this  assumption,  equations  (51)  simplify  to 
the  following: 

^ **1  dq  dqj, 

(52) 

. dE 

%fhl<ii  can  be  solved  simultaneously  for  the  equilibrium  levels  of  output. 

Another  approach  to  finding  the  equilibrium  output  levels,  one 
that  describes  the  market  process  more  fully.  Involves  the  use  of  reac- 
tion curves.  This  modem  approach  to  the  Cournot  analysis  of  duopoly 
Is  described  below.  After  the  Interpretation  and  use  of  reaction  curves 
has  been  described,  the  reaction  curve  framework  will  be  used  to  suggest 
how  the  original  Cournot  analysis  might  be  extended  to  a multiperiod 
context  and  to  a consideration  of  equilibrium/ disequilibrium  questions. 

A pair  of  reaction  curves,  one  for  each  duopollst,  can  be 
constructed  In  the  foll?wlnt  manner.  After  the  conjectural  variations 
have  been  specified,  equation  (49)  can  be  solved  for  q^  as  a function 
of  and  equation  (50)  can  ba  solvad  for  q^  as  a function  of  . 
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Each  function  Is  called  a reaction  function  and  the  graph  of  each 
reaction  function  Is  called  a reaction  curve.  Each  producer's  reaction 
curve  shows  Its  profit-maximizing  output  level  contingent  upon  its 
rival's  output  level.  By  recognizing  that  equilibrium  — both  for  the 
market  and  for  each  firm  — can  occur  only  when  the  levels  of  output 
and  q^  are  such  that  first,  each  firm  maximizes  Its  profit, 
given  its  rival's  output,  and  second,  neither  firm  wants  to  alter  Its 
output  level,  the  optimum  output  levels  can  be  determined  from  the 
Intersection  of  the  reaction  curves.  In  other  words,  the  reaction 
curve  Is  a convenient  device  — one  that  has  also  been  used  In  Inter- 
national trade  theory  — for  Illustrating  one  producer's  reactions  to 
decisions  made  by  Its  rival.  Moreover,  the  use  of  the  two  producers' 
reaction  curves  permits  a geometric  representation  of  the  notion  of 
equilibrium  for  the  two  producers.  As  a simple  example,  the  reaction 
curves  for  two  firms  having  total  cost  functions 
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I 
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Cl  - cq^  +d,  c>0,  d>0,  1-1, 2 , (53) 


where  the  demand  for  their  product  satisfies 


p - a - b(qj^  + q2)  • a > 0 , b > 0 , (54) 


are  given  In  figure  II-9,  where  it  has  been  assumed  that  conjectural 
variations  arc  zero.  The  equilibrium  level  of  output  for  each  producer 
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Provided  a > c , the  reaction  curves  Intersect  In  the  first  quadrant, 
and  a market  equilibrium  exists  In  which  each  firm  produces  a positive 
level  of  output. 


*2  ' 


a - c 


^ ^2  a-c 

\ A /*Reactlon  Curve  for  Firm  1:  q,  “ — ^ - 

V / 1 2 2b 


:V 


\' 

▼ '■ 


a - c 


2b 

B j Cournot  Equilibrium 


a - c 
3b 


^Reaction  Curve  for  Firm  2:  ^2  ” 


a - c a - c 
3b  2b 


a - c 


Figure  II-9:  Reaction  Curves  and  Cournot  Equilibrium 

If  each  conjectural  variation  Is  t<ro,  then  figure  Il>9  can 
also  be  used  to  suggest  the  behavior  of  the  two  producers  when  the 
product  market  Is  in  disequilibrium.  In  paitlcular,  the  figure  can  be 
used  to  Illustrate  the  point  that  the  market  la  not  In  equilibrium 
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unless  esdi  individual  producer  is  in  equilibi  urn.  To  see  this,  note 
first  that  if  an  output  coad>ination  (q^,  q2)  lies  on  one  of  the 
producer's  reaction  curves,  then  the  producer  whose  reactions  are 
depicted  by  the  curve  is,  by  the  way  in  which  the  reaction  curve  was 
constructed,  in  equilibriua.  That  is,  according  to  the  assusiptioa  of 
zero  conjectural  variations,  the  producer  treats  its  rival's  output 
level  as  a constant,  and,  by  the  construction  of  its  reaction  curve, 
the  fin  is  producing  the  profit-aaxiaising  level  of  output,  given 
its  rival's  output  level,  and  therefore  has  no  incentive  to  alter  its 
output.  But  suppose  that  only  one  producer  is  in  equilibriua.  For 
exaaple,  if  the  current  output  culmination  is  represented  by  Point  A 
in  figure  Il*‘9,  then  fin  1 is  in  equilibriua,  but  fin  2 is  not  since 
the  output  coabination  does  not  lie  on  its  reaction  curve.  Indeed, 
given  the  output  level  of  fin  1,  fin  2 would  prefer  to  reduce  output 
(and  to  shift  the  output  coabination  to  point  B)  and  to  earn  hl^er 
profit.  If  fin  2 did  reduce  its  output  accordingly,  it  would  be  in 
equilibriua  at  B , given  the  output  of  fin  1.  But  fin  1 would  not 
be  in  equilibriua  at  B . Given  the  output  of  fin  2,  fin  1 would 
wont  to  Increase  output  (and  to  shift  the  output  coAlnation  to  point 
C ) . The  adjustaent  procass  would  cease  once  the  Cournot  eq\illibrlua 
had  been  attained,  since  then  eadi  fin  would  lie  on  its  reaction  curve 
and  neither  would  have  any  incentive  to  alter  its  output  level.  The 
above  arguasnt  also  suggests  that,  os  long  os  each  conjectural  variation 
reaains  sero,  the  Cournot  equilibriua  is  stsble,  i.e.  whenever  the 
aaifcet  is  out  of  equilibriua,  forces  are  set  in  action  to  return  it  to 
equilibriua. 
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Th«  foregoing  Is  also  suggestive  of  how  the  duopollsts  ml^t 

behave  over  tiae.  That  Is,  the  successive  movewnts  toward  equlllbrlua 

could  be  thought  of  as  occurring  In  successive  time  periods  as  first 

one  flra  and  then  the  other  adjusted  to  the  actions  of  Its  rival  (all 

the  while,  however,  continuing  to  assuae  that  Its  rival  would  not 

retaliate  by  altering  output) . Atteaptlng  to  extend  the  Cournot  model 

In  this  aannar  serves  to  eaphaslse  one  of  Its  aajor  weaknesses.  The 

assiaptlon  of  sero  conjectural  variations  laplles  that  each  flra  Is 

Ignorant  of  the  behavior  of  Its  rival. In  tha  aultlperlod  context, 

the  flra  would  have  to  reaaln  ignorant  over  tlae,  l.e.  there  would  be 

no  learning  proceas  at  work  by  whldi  each  flra  would  coaa  to  learn  that 

78 

Its  assuaptlon  that  Its  rival  would  not  retaliate  Is  false.  The  aaln 
reason  for  this  lialtatlon  can  be  attributed  to  the  aodel's  prlaary 

79 

concern  with  characterizing  equlllbrlua  In  a single  period  context. 

Before  considering  a aodal  of  duopoly  that  peralts  nonzero 

conjectural  variations,  the  characteristics  of  the  Cournot  aodel  of 

duopoly  are  suaaarlzed  below  In  table  11-8. 

The  output  levels  given  by  (55)  were  the  result  of  ons  of  aany 

possible  aodes  of  b^avlor  on  tiie  part  of  the  duopollsts.  Another 
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Interesting  type  of  behavior  la  suggested  by  von  Stackelberg. 

Badi  of  the  duopollsts  aay  act  either  as  a follower  or  as  a leader.  A 
follower  obeys  its  Cournot  reaction  function,  adjusting  its  output  so 
as  to  aaxlnlse  its  total  profit,  given  the  output  level  of  its  rival, 
Whoa  It  views  as  a leader.  A leader  does  not  obey  Its  Cournot  reaction 
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Decision; 
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Certainty/ 

Uncertainty; 

Equlllbrlua/ 

Dlaequlllbrlua; 

Tlae; 

Type  of  Model; 

Solution  Technlqu 


Table  II*>8  Hodel  SuBsary;  Duopoly 

traditional  (see  (48)  In  text) 
profit  aaxlBlsatlon 

■arket  deaand  relation  (p  > p(q  q ))  and  actions 
of  the  flra's  rival,  also,  lapllcltly,  the  production 
function  that  underlies  esch  firm's  total  cost 
function  (which  enters  the  model  exogenously) 


Implicitly,  Input  prices  (In  order  that  each  firm's 
total  cost  function  depend  on  Its  own  output  level 
only) 

output  levels  (q^^  and  q,  ) , market  price  (p) , 
and  total  proflt''’for  each^producer  (ir.  and  ir.  ) ; 
In  addition.  Input  usage  could  also  be^detemlned 
if  the  model  were  modified  to  allow  the  firm  to 
select  Its  optimal  Input  coid>lnatlon 

eadi  firm  selects  its  output  level  (q.  and  q,  , 
respectively) , end  In  the  fuller  analysis , Input 
levels  could  also  be  determined 

subsumed 


assumes  certainty 

characterisation  of  equilibrium,  though  the  analysis 
can  be  extended  with  Ae  aid  of  reaction  curves  to 
deal  with  disequilibrium  Issues 

single  period 

static  optimisation  (model  formulated  aa  two 
unconstrained  optimisation  problems  — one  for  each 
firm) 

: unconstrained  optimisation  problems  solved 
simultaneously 


fwccion  but  rather,  acta  its  output  ao  aa  to  naxlalca  total  profit, 
given  the  reaction  function  of  Its  rival,  whoa  It  views  aa  a follower. 

For  example.  In  the  linear  case  If  flra  1 acts  as  a follower,  then 
dqi/dqi  <■  0 , and  If  firm  2 acts  as  a leader,  then  dq^/dq2  ” ~l/2  , 
the  slope  of  flra  I's  reaction  curve.  Any  one  of  three  possible 
sltuatlona  aay  arise: 

(I)  Both  flraa  behave  aa  followers,  which  leads  to  the  Cournot 
aqulllbrlw.  This  aqulllbrltm  la  unstable  In  this  case  because 
each  flra  could  laprova  Its  profits  by  becoaing  a leader  while 
the  other  remained  a follower. 

(II)  One  flra  braves  as  a leader  and  the  other  behaves  as  a follower, 

with  the  leader  earning  aore  profit  and  the  follower  earning 
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leas  than  In  the  Cournot  equilibrium. 

(III)  Both  flraa  behave  as  leaders,  which  gives  rise  to  the  von 

Stackelberg  dlsequlllbrlua.  Each  flra  ballaves  that  the  other 

will  behave  according  to  Its  reaction  curve,  but  neither  one 

does  and  both  consequently  earn  saaller  profit  than  tiiey  did 
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under  the  (k>umot  equlUbrlua.  This  situation  Is  llkaly  to 

lead  to  soae  sort  of  econoalc  warfare  until  either  one  firm 

eaarges  as  tha  leader  or  soas  fora  of  collusive  agreeaent  la 
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worked  out.  The  eventual  equlUbrlua  Is  Indeterminate. 

In  the  Cournot  analysis  conjectural  variations  are  always  sero. 

In  ths  von  Stackelbarg  analysis  conjectural  variations  are  sero  or 
negative.*^  It  is  also  possible  for  conjecturel  variations  to  be  positive, 
with  one  or  both  producers  anticipating  that  an  increase  in  its  output 
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level  will  elicit  en  Increeee  la  its  rival's  level  of  output.  There 

could  be  teclt  collusion  between  the  producers  as  they  tttteaq>ted  to 

85 

■axlnixe  joint  profit  Generally,  positive  conjectural 

variations  on  the  part  of  both  duopoUsts  would  lead  to  lower  output, 

higher  price,  and  greater  profits  than  In  the  Cournot  equlllbrlua, 

ifhereas  negative  conjectural  variations  would  have  the  opposite  effect. 

But  the  exact  solution  depends  on  the  exact  behavior  of  the  duopollsts 

as  reflected  In  specific  values  for  the  conjectural  variations. 

As  In  the  Cournot  analysis,  the  von  Stackelberg  analysis  Is 

■alnly  concerned  with  characterizing  eqtdlibriua  within  a single  period 
86 

context.  For  this  reason.  It  too  does  not  lend  Itself  well  to 
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extension  to  a stultlperlod  context.  In  particular,  the  von  Stackelberg 

■odel,  to  the  extent  that  followers  are  present,  suffers  from  the  saae 
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llaltatlons  as  the  Cournot  model. 

2.  Duopoly  As  A TWo-Person  Game 

Under  duopoly  the  market  price  of  the  good  and  the  profit  earned 
by  each  producer  depend  on  the  output  decision  of  both  producers.  The 
firms  are  players  In  a two-person  game  in  which  each  player's  strategy 
Is  represented  by  its  output  decision  and  the  payoff  to  each  player  Is 
Che  total  profit  it  receives.  By  modeling  duopoly  as  a two-person  game 
the  results  of  game  theory  can  be  employed  to  determine  under  what 
conditions  a solution  exists. 

The  theory  of  games  originated  from  the  work  of  von  Neumann  and 
Morgenstem.^  Briefly,  gams  theory  Is  the  study  of  situations  Involving 
two  or  more  decision-makers,  called  players,  each  of  whom  makes  policy 
decisions,  called  strategies,  thet  collectively  determine  the  rwerde, 
celled  payoffs,  eadi  player  receives  on  each  play  of  the  game.  The 
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collectloa  of  strategies  each  player  nay  adopt  together  with  the  rules 

that  detersdne  the  payoffs  as  a function  of  the  strategies  the  players 

adopt  Is  what  constitutes  the  game.  As  sudi,  gaae  theory  is  concerned 

%^th  situations  like  duopoly,  or  sore  generally  oligopoly.  In  whlcli 

conflict  and  cooperation  play  significant  roles. 

If  a game  Involves  two  players  and  If  one  player's  gain  is  the 

other  player's  loss,  then  the  p^offs  to  the  two  players  sum  to  zero 

end  the  game  Is  called  a two-person  zero-sum  game.  Von  Neumann  and 

Morgenstem  showed  that  If  the  nuAer  of  pure  strategies  Is  finite  and 

mixed  strategies  are  allowed,  a two-person  zero-sum  game  always  has  a 
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solution  as  long  as  the  players  are  rational.  Each  player  will  adopt 

a 'minimax'  strategy  (or  set  of  strategies)  — tiie  one  that  minimizes 

its  maximum  expected  loss  (or  equivalently,  smxlmizes  Its  minimum 

expected  gain)  for  whatever  strategies  its  rival  might  adopt.  If 

duopoly  were  a zero-sum  game,  then  presuambly  the  duopoly  problem  could 

be  solved  by  appealing  to  this  result. 

Unfortunately,  as  von  Neumann  and  Horgenstem  realized,  the 

kinds  of  rivalry  obsarvad  In  the  real  world  seldom  are  zero-sum  sltua- 
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tlons.  Normally,  there  Is  die  possibility  of  mutual  gain  or  loss, 

as  for  example,  when  each  firm  can  Increase  Its  profits  by  cooperating 

with  Its  rival.  As  such,  these  situations  corrsspond  to  nonzero-sum 

games.  The  payoff  matrix  might  look  like  the  one  in  figure  11-10, 

where  the  strategies  have  been  defined  In  terms  of  von  Stackslberg's 
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definition  of  follower  and  leader  modes  of  behavior.  The  payoffs  are 
the  profits  samsd  by  the  two  producers,  the  left-hand  entry  In  each 
case  referring  to  firm  1.  The  underlying  damsnd  curve  Is  (54)  with 
a ■ 610  sad  b ■ 10  and  tha  underlying  cost  curve  for  each  firm  Is 


(S3)  vith  c ■ 10  and  d ••  200  . The  entries  In  the  payoff  Bstrlx 

correspond  to  the  von  Stackelberg  analysis  of  duopoly  discussed  in 
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the  previous  subsection. 
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Firm  2's  Strategy 
follower  leader 

follower  (3800,  3800)  (2050,  4300) 

Firm  I's 
Strategy 

leader  (4300,  2050)  (2680,  2680) 


Figure  II- 10:  Payoff  Matrix  for  TWo  Fima 

Illustrating  the  Prisoners'  Dllena 
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According  to  Figure  II-IO,  either  firm  may  adopt  either  strategy 

and  both  firma  will  earn  positive  economic  profit.  If  both  firms  act 

as  leaders,  then  the  von  Stackelberg  diaequlllbrlum  results  and  each 

firm  earns  a profit  of  2680  . If  both  firma  act  as  followers,  then 

the  Cournot  equilibrium  results  and  each  firm  earns  a profit  of  3800  . 

Note,  however,  that  this  equilibrium  is  unstable  because  each  firm  has 

an  incentive  to  alter  its  behavior.  If  one  firm  becomes  a leader 

while  the  other  remains  a follower,  then  the  leader  increases  its  profit 

while  the  follower  suffers  a decrease  in  its  profit.  However,  if  both 

try  to  act  as  leaders,  then  the  von  Stackelberg  disequilibrium  results 

and  both  firms  are  worse  off  than  they  were  in  Cournot  equilibrium. 

This  illustrates  the  so-called  Prisoners*  Dilemma:  the  two  players 

would  be  better  off  If  they  could  agree  to  act  as  followers,  yet  under 

such  an  agreement,  each  is  tempted  to  double  cross  the  other,  and  if 
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both  cheat,  then  both  are  worse  off  than  diey  were  initially.  Of 
course,  they  would  be  beat  off  if  they  could  coordinate  their  activities 
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perfectly  end  BexlBlce  Joint  profit.  In  any  case,  the  eventual  aolu- 
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tlon  la  indeteradnate.  Output  and  price  will  ultlaately  depend  on 

tdiether  a collusive  agreement  can  be  reached  and  Chen  malntalnad,  and 

accomplishing  this  may  require  a long  and  painful  learning  process 
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before  the  two  parties  are  able  to  work  together. 

Though  game  theory  has  not  furnished  solutions  — In  the  conven- 
tional sense  at  least  -*  to  the  problem  of  determining  price  and  output 
under  duopoly,  It  has  provided  some  Interesting  Insists  Into  the 
nature  of  conflict  and  the  incentives  for  cooperation  under  duopoly, 
and  more  generally,  under  oligopoly.  Unfortunately,  as  the  nuaher  of 
player  firms  Increases,  the  game  becomes  more  complicated  with  oppor- 
tunities for  two  or  more  players  to  form  a coalition  against  Che  others. 
As  a conaeqr.tnce  of  this,  the  game  theoretic  approach  haa  thus  far 
proven  no  more  successful  than  other  analytical  approaches  at  providing 
general  charactarlsatlons  of  dM  pricing  and  output  decisions  reached 
by  firms  imder  oligopoly. 

D.  (X.IGOPOLY  AMD  THE  KINKED  DEHIND  CUKVE 

In  recent  years  many  economists.  Including  Galbraith,  have  argued 
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Chat  oligopoly  has  bacoms  the  domiamu«  form  of  Industrial  structure. 

In  many  Industries,  Including  the  autombblla,  alunlnun,  steal,  and 
rhbber  Industrias,  there  are  a email  nuabar  of  large  firms  that  wield 
consldarabla  economic  power^^. that  oaablaa  them  to  Influence  the  markets 
for  their  products,  but  idio  auac  carefully  mei^  the  likely  reactions 
of  their  rivals  when  raadilag  thalr  price  and  output  decisions. The 
classic  approach  to  oligopoly  la  by  extension  (l.e.  by  Increasing  the 
nu^r  of  participants)  of  the  duopoly  models  of  Cournot  and  von 
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Each  of  these  approaches 
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Stackelbarg  that  were  discussed  in  section  C. 

has  been  criticized  and  an  almost  bewildering  array  of  alternative 
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approaches  has  been  proposed  In  their  stead.  The  purpose  of  this 
section  Is  to  describe  Juat  one  of  these  models  — the  kinked  demand 
curve  model  Chat  seems  to  dominate  textbook  discussions  of  oligopoly.^* 
The  kinked  demand  curve  model  Is  based  on  the  assumption  that  an 
oligopolist's  rivals  will  match  a price  decrease  but  will  not  follow  a 
price  Increase.  This  Is  Illustrated  In  figure  II-ll. 
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Figure  11-11:  The  Kinked  Demand  Curve  Model 


The  oligopolist's  current  price-output  relstlonshlp  Is  represented  by 
the  point  E ; current  price  Is  p*  and  current  output  Is  q*  . The 
deaand  curve  dd  has  been  drawn  under  the  assumption  that  the  oligopo- 
list's price  changes  will  not  be  matched  by  Its  rivals  and  demand  curve 
DD  has  been  drawn  under  the  assumption  that  price  changes  will  be 
matched.  The  curve  dd  Is  flatter,  or  more  elastic,  than  DD  because 
when  price  changes  go  unmatched,  the  oligopolist's  unit  sales,  q , 
are  more  responsive  to  changes  In  price;  by  decreasing  price  It  can 
Increase  sales  at  the  expense  of  rivals  who  maintain  their  prices, 
but  by  Increasing  price  It  will  lose  part  of  Its  market  share  to  its 
rivals. 

The  oligopolist's  effective  demand  curve  Is  comprised  of  that 
portion  of  dd  that  lies  to  the  left  of  E and  that  portion  of  DD 
that  lies  to  the  right  of  E . This  gives  rise  to  a comer,  or  kink, 
at  E . As  a result  of  this  kink  the  oligopolist's  marginal  revenue 
function  Is  discontinuous  at  E , being  comprised  of  the  marginal 
revenue  function  corresponding  to  dd  for  output  levels  q < q*  and 
of  the  marginal  revenue  function  corresponding  to  DD  for  output 
levels  q > q*  The  oligopolist  Is  unable  to  equate  marginal 

revenue  and  marginal  cost,  but  q*  Is  optimal  since  MR  > MC  for 
q < q*  while  MR  < MC  for  q > q*  . 

The  jump  discontinuity  In  MR  at  E Impliea  that  costs  can 
Increase  or  decrease  without  causing  a change  In  either  price  or  output 
as  long  as  the  NC  curve  continues  to  lie  between  A and  B . However, 
a change  In  either  DD  or  dd  would  lead  to  a change  In  price,  unless 
the  curves  were  to  shift  In  such  a way  as  to  leave  the  kink  at  E . 

This  Implies  that  firms'  price  b^avlor  will  be  relatively  unresponsive 
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to  changes  In  cost,  but  will  be  responsive  to  changes  In  demand.  This 


Is  a major  weakness  of  the  model,  for  most  empirical  studies  have 


shoim  that  In  oligopolistic  Industries  the  reverse  Is  true:  price 


tends  to  be  responsive  to  cost  changes  but  imresponslve  to  changes  In 


The  kinked  demand  curve  model  was  originally  proposed  In  order  to 


explain  the  observed  price  rigidities  In  oligopolistic  Industries,  yet 


a limitation  of  the  model  Is  Its  Inability  to  explain  how  the  kink  got 


there  In  the  first  place.  Furthermore,  Stlgler  has  offered  empirical 


evidence  against  Ae  existence  of  a kink  In  the  demand  curves  of  firms 


In  several  Industries,  Including  the  steel,  automobile,  and  potash 


Industries 


Table  II-9  Model  Sumnary:  Oligopoly 
(kinked  demand  curve) 


traditional  (see  figure  II-ll  In  text) 
profit  maxladsatlon 

reactions  of  rivals;  Implicitly,  the  production 
fimctlon  that  underlies  the  cost  curves  In 
figure  II-ll 


Class; 

Firm’s  Objective 


Variables 


current  output  and  the  current  market  price  of 
output  (which  together  locate  the  kink);  implicitly 
Input  prices  (In  order  that  the  cost  curves  can 
be  drawn  In  figure  11-11,  It  Is  necessary  that 
Input  prices  remain  fixed;  when  one  or  more 
Input  prices  change,  the  cost  curves  shift) 

there  are  no  endogenous  variables,  since  the 
purpose  of  the  model  Is  to  explain  why  prices 
tend  to  remain  rigid,  rather  than  to  explain  how 
they  first  got  to  where  they  are  currently 

subsumed 

assumes  certainty 


Finance: 


Certainty /Pncertalnr 


lul  librium/ 
Dlaequi  librium; 


characterisation  of  equilibrium 
single  period 


In  suBBary,  the  klnkad  deoand  curve  model,  the  characteristics  of 

which  are  suamarlzed  in  table  II-9,  is  not  widely  regarded  as  a 
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satisfactory  general  model  of  oligopoly  pricing.  A generally  more 
valid  model  may  be  the  amrk-up  pricing  model,  which  has  been  described 
and  subjected  to  considerable  empirical  testing  by  proponents  of  the 
behavioral  school.  This  model  is  discussed  in  section  H.  One  of  the 
attractions  of  the  stark-up  pricing  model  is  that  it  makes  price  more 
sensitive  to  changes  in  cost  than  to  changes  in  demand,  thereby 
correcting  a major  weakness  of  the  kinked  demand  curve  model. 

E.  CHAMBERLIN'S  MODEL  OF  MONOPOLISTIC  COMPETITION 

In  the  Cournot  analysis  of  oligopoly  it  is  assumed  that  each  pro- 
ducer takes  the  output  level  of  each  of  its  rivals  to  be  fixed.  While 
this  appears  to  be  a shaky  assumption  concerning  the  behavior  of  firms 
in  markets  where  there  are  just  a few  producers,  it  is  reasonable  to 
hypothesize  that,  when  the  nuafcer  of  firms  is  large,  so  that  eadi  has 
only  a small  share  of  the  overall  market,  each  firm  can  treat  the  price 
and  output  of  other  producers  as  fixed  when  it  sets  its  own  price  and 
output.  Such  a market  situation  corresponds  to  the  model  of  zionopolistic 
competition,  according  to  which  each  firm's  product  is  somehow  differ- 
entiated throu^  advertising,  variations  in  style  or  quality,  etc.,  from 

those  of  every  other  producer,  and,  as  a consequence,  each  firm  faces 
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a downward-sloping  demand  curve  for  its  product.  In  such  markets 
each  firm  possasses  some  degree  of  monopoly  power  — i.e.  an  ability  to 
Influence  the  price  it  receives  for  its  product  by  adjusting  quantity 
supplied  and  also  an  ability  to  influence  through  advertising  expendi- 
ture — the  quantity  of  output  it  sails  ->  in  its  own  comer  of  the  market. 
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A practical  realization  of  this  nndel  Is  a situation  In  which  the 
nusber  of  flms  Is  so  large  that  a change  In  price  or  quantity  by 
any  one  firm  would  not  be  perceived  as  having  any  Impact  on  any  other 
firm.  As  a result.  In  determining  price  and  output  In  the  short  run, 
the  firm  assumes  the  corresponding  choices  of  the  other  firms  fixed 
and  behaves  like  a monopolist  In  Its  comer  of  the  market.  Over  the 
long  run,  the  existence  of  a large  nuaher  of  close  competitors  produces 
a situation  somewhat  like  the  long  run  solution  under  perfect  competi- 
tion. In  the  long  run  all  firms  earn  zero  economic  profit,  although 
unlike  perfect  competition,  all  firms  are  operating  sU^tly  below 
optimal  scale.  The  purpose  of  this  section  Is  to  discuss  the  taodel  of 
monopolistic  competition  due  to  Chaoberlln  and  to  Illustrate  these 
results . 

For  ease  of  exposition,  let  the  demand  functions  facing  the  firms 
be  linear  and  Identical,  satisfying  the  equation 


p - a - b.q.  - b,  E q , 1 - 1 , n , (56) 

i 11  2 3 

where  there  are  n firms;  p^  Is  the  price  charged  and  q^  Is  the 
output  of  the  1-th  firm;  a , , and  b2  are  all  positive  constants; 

and  9p^/9qj  * -b2  • 1 j , Is  numerically  small.  Also  let  the  firms 

have  Identical  cost  functions  C^(q^)  . Then,  even  though  their  products 
are  differentiated  (In  the  eyes  of  consumers,  at  least),  the  firms 
will  have  Identical  cost  and  revenue  functions  and  will  exhibit  Identi- 
cal maximizing  behavior.  It  should  be  noted  that  the  demand  relation 
(56)  Involves  certain  conceptual  difficulties.  The  output  levels  of 
tha  rivals  are  suamcd  as  If  these  other  goods  were  Identical,  even 
though  the  basic  assumption  underlying  (Htaaberlln's  model  Is  that  they 
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an  not  identical.  The  conceptual  prdblea  aaaociated  with  'adding  up' 
things  that  are,  by  assumption,  'different',  is  discussed  further 
later  in  this  section.  Until  then,  suffice  it  to  say  ^at-,  «fhile 

i 

these  assumptions  are  restrictive,  they  do  permit  the  model  to  be 
developed  in  terms  of  the  behavior  of  the  'representative'  firm. 

From  (56)  the  profit  earned  by  the  representative  firm  is 

■ P^qj^  - ^i^’^i^  “ " **l‘*i  ” ^ ‘•i  " ^i^‘*i^  * 

Since  b2  la  numerically  small,  any  diange  in  the  i-th  firm's  output 
will  have  a negligible  impact  on  its  (n-1)  rivals,  and  thenfore,  the 
i-th  producer  will  act  as  if  variations  in  will  have  no  effect  on 
qj  • J ^ i , or  in  symbols,  it  will  act  as  if  3qj/3q^  ■ 0 » J i • 
Differentiating  (57)  with  respect  to  , setting  the  result  equal  to 
sero,  and  rearranging  terms  yields 

a-  2b, q.  - b,  Z q,  - C '(q.)  , (58) 
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which  is  Che  familiar  MR  - MC  rule  for  profit  maxlsisatlon. 

Since  all  firms  will  behave  identically  under  the  above  assumptiona, 
when  one  firm  finds  it  profitable  Co  adjust  output,  so  will  all  the 
others.  Thus,  while  the  representative  firm  tries  to  adjust  its  price 
and  quantity  in  accordance  with  the  demand  relation  given  by  (56) , the 
collective  actions  of  producers  will  cause  eadi  individual  producer's 
price  and  quantity  to  vary  in  accordance  with  Che  demand  relation. 

Pi  - a - Ib^  + (n-l)bjlq^  , (59) 
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whldi  hu  been  obtelned  froa  (56)  by  setting  deaend 

curve  (56)  for  the  indivlduel  fira  Is  drawn  as  dd  in  figure  11-12 

under  the  assuaptlon  that  the  output  levels  of  all  other  producers  are 

fixed.  In  addition,  the  deaand  curve  (59),  whldi  represents  overall 

deaand  for  the  products  of  the  n fins,  is  used  to  determine  each 

fin's  pro  rats  share  of  overall  quantity  demanded  for  eadi  (common) 

price, and  this  pro  rata  demand  curve  for  the  individual  fin  is 
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drawn  as  IH)  in  the  same  figure.  Note  that  even  diou^  b is 
small,  (n-1)  is  not.  It  is  this  latter  ten,  which  reflects  the  fact 
that  all  producers  adjust  output  simultaneously,  that  accounts  for 
the  steeper  slope  of  IN)  . 

It  should  be  noted  that  the  demand  relation  (59)  and  the  demand 
curve  DD  in  figure  11-12  involve  the  same  conceptual  difficulty 
noted  in  connection  with  (56) . In  (59)  and  in  its  geometric  represen- 
tation DD  , the  output  levels  of  all  n producers  have  been  added 
together,  even  thou^  the  products  themselves  are  'different*  in  the 
sense  of  being  differentiated  either  in  terms  of  their  actual  charac- 
teristics or  else  in  terms  of  their  perceived  characteristics.  Chsmberlln 
Justifies  this  approach  by  introducing  the  concept  of  a 'group' 

of  "producers  whose  goods  are  fairly  close  substitutes"  for  one  snother, 
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as  for  exasple,  a group  of  automobile  manufacturers.  Accordingly, 
the  deasnd  curve  DO  , is  aesnt  to  represent  each  autoaobile  manu- 
facturer's pro  rata  share  of  the  overall  market  demand  for  automobiles 
when  all  automobile  manufacturers  dtarge  Identical  prices.  Tet,  as 

Stiglar  arguas,  it  is  difficult  to  attach  any  economic  meaning  to  the 
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statement  that  physically  different  gooda  muat  have  the  same  price. 


Aa  illustrated  by  the  dlacussion  of  ChsAerlin's  model  earlier  in  this 
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section,  Chsii>srlln  further  essuMd  thet  the  "deMmd  end  cost  curves  for 
ell  the  'products'  ere  unlfom  throughout  the  group. As  pointed 
out  by  Stlgler,  this  unlfomlty  essunptlon  lapllcltly  defines  the 
products  of  the  group  as  s set  of  physically  honogeneous  goods. 
Chaaberlln's  nodel  and  the  conclusions  to  be  derived  froa  It  depend 
then,  on  e key  coaponent  *-  the  flra's  pro  rata  share  of  overall  deaand 
for  the  products  of  the  group  (Illustrated  by  DD  In  figure  11-12)  *- 
the  conceptual  aeanlng  of  which  la  not  unaablguous. 


In  setting  price  end  output  the  representative  firs  treats  dd  as 
its  relevant  deund  curve,  but  the  collective  action  of  all  flraa  makes 
DD  the  representative  firm's  effective  demand  curve.  As  the  repre- 
sentative firm's  price  and  output  are  adjusted  In  accordance  with  DD  , 
the  demand  curve  dd  'slides  along'  DD  , with  the  two  demand 
curves  always  Intersecting  at  the  point  representing  current  price  and 
output.  Thus,  In  figure  11-12 (a)  the  firm  la  selling  at  price 

p^  , but  It  Is  not  maxlsdslng  profit  since  mr  (which  corresponds  to 
dd)  exceeds  MC  at  that  point.  The  representative  firm  expands  output, 
and  the  collective  action  of  all  firms  causes  price  to  fall  and  dd 
to  shift  domward.  The  process  continues  until  condition  (58)  la 
satisfied,  at  which  point  mr  Intersects  and  total  (short  run) 

profit  Is  maximized.  This  short  run  equilibrium  situation  la  Illustrated 
In  figure  11-12 (b). 

It  should  be  emphasized  that,  even  If  the  Individual  firm  realizes 
that  DD  rather  than  dd  la  effectively  Its  demand  curve.  It  la 
unable  to  exploit  this  knowledge.  For  unlike  oligopoly,  under  monopo- 
listic competition  the  individual  firm  has  no  Impact  on  Its  rivals' 
output  levels.  Each  firm  acts  Individually  so  as  to  maximize  Its  own 
profit.  Sines  the  behavior  of  the  individual  firm  under  monopolistic 
co^>etltlon  has  no  perceptlbls  Impact  on  any  of  Its  rivals,  and  since 
adjusting  price  and  output  In  accordance  with  dd  holds  out  the 
prospect  of  greater  profit  (as  long  as  thsse  changes  go  unnoticed) , 
the  firm  Is  llkaly  to  contlnus  to  treat  dd  as  Its  relevant  demand 
curve  and  to  adjust  pries  and  output  accordingly.  Moreover,  the  firms 
are  so  numaroua  thet  collusion,  tacit  or  othezwlss.  Is  virtually 
laposslbls,  and  should  soma  sort  of  collusive  agreement  be  reached.  It 


would  be  likely  chat  each  Individual  fln'a  Incenclve  to  chaac  would 
be  aCrong  enough  ~~  for  the  reasona  JuaC  cited  ~ to  cauae  the  arrangeaient 
to  be  ahattered  within  a abort  tlae. 

In  Che  long  run  free  entry  and  exit  drive  econoolc  profit  to  aero. 
Unlike  oligopoly,  fine  are  ao  nuaeroua  that  It  la  lapoaalble  for 
then  to  get  together  and  erect  barrlera  to  entry.  Aa  new  flma  enter 
the  Induatry,  the  repreaentatlve  flrw  flnda  that  the  amount  of  output 
It  la  able  to  aell  at  any  given  price  decreaaea,  and  both  dd  and  DD 
In  figure  11-12  ahlft  to  the  left.  Long  run  equlllbrluai  la  finally 
attained  when  the  repreaentatlve  firm* a perceived  deaand  curve  dd 
la  tangent  to  the  long  run  average  coat  curve.  Thla  long  run  equlll- 
brlua  altuatlon  la  llluatrated  In  figure  11-13.  At  the  point  of  tan- 
gency,  point  A In  figure  11-13,  dd  and  DD  Interaect  each  other 
and  AC  , ao  that  price  equala  average  coat  and  total  profit  la  zero. 

The  fin  la  eaxladzlng  long  run  profit,  for  at  all  output  levela  othar 
than  q*  , dd  Ilea  below  AC  . But  alnce  dd  la  downward  aloplng, 
the  point  of  tangency  mat  occur  to  the  left  of  the  odnlaua  point  on 
the  AC  curve.  The  fin  producea  leaa  output  at  a greater  average 
total  coot  than  would  obtain  imder  perfect  coapetltlon. 

In  tena  of  the  analytical  fraawwork  dlacuaaed  In  section  A, 
the  characterlatlca  of  Chaaberlln'a  eodel  of  the  fin  under  eonopo- 
llatlc  coepetlclon  are  aumarlzed  In  table  11-10. 


Tabic  II-IO  Modal  SuBaary:  MonopoUatlc 
Competition 


Clasa: 

Plrm*a  Objective! 
Conatralnta: 


Variablea; 
Eaoaenoua : 


EndoBenoua ; 


Declalon; 


traditional  (aee  (57)  In  text) 
profit  aaxlalxatlon 

overall  market  demand  for  the  producta  of  the 
group  and  market  demand  for  Individual  firm's 
product;  Implicitly,  the  production  function 
that  underlies  each  firm's  total  coat  function 
(which  enters  the  model  exogenously) 


Implicitly,  Input  prices  (In  order  that  eadi 
firm's  total  cost  function  depend  on  Its  own 
output  level  only) 

output  levels  (q.,  ...,  q^) , market  price  (p) , 

and  total  proflt'^'for  eadi  producer  (ir ir  ) 

In  addition,  as  In  the  duopoly  analysis.  Input** 
usage  could  also  be  determined  If  the  model  were 
reformulated  to  permit  this 

eadi  firm  selects  Its  output  level  (q. , 

respectively)  , and  In  the  fuller  analysis , ** 

Input  levels  could  also  be  determined 


Finance ; subsumed 

Certainty/Oncertainty ; aaa times  certainty 
Equilibrium/ 

Disequilibrium;  chacacterleanlon  of  equilibrium 

Time;  single  period 

Type  of  Model;  static  optimization  (model  formulated  as  an 

unconstrained  optimization  In  terms  of  the 
'representative  firm') 

Solution  Technique;  unconstrained  optimization  for  determining  the 

short  run  equilibrium  position  of  the  Individual 
firm  In  Isolation;  graphical  analysis  for 
determining  the  long  run  equilibrium  of  firms 
In  the  Industry. 


Chaalierlln's  modal  of  monopolistic  competition  suggests  what  can 
happen  when  the  assumption  of  product  homogeneity  made  In  section  B is 
dropped.  Even  if  firms  are  so  numerous  that  the  bdiavlor  of  any  one 
firm  will  not  affect  the  behavior  of  ita  rivals,  and  even  if  there  Is 
free  entry  and  exit,  over  the  long  run  output  will  not  be  produced  at 
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minlMiB  avcrag*  total  cost.  Howevar,  as  notad  pravlously,  ChaAarlin's 
nodal  Is  not  without  Its  shortconlngs. 

Tha  assuaiption  that  ona  firm's  bahavlor  will  not  Influanca  tha 
bahavlor  of  tha  othar  flms  In  tha  Industry  — or  aqulvalantly,  that 
avary  firm  has  a tiny  shara  of  tha  markat  — Is  atypical  of  tha  product 
markats  In  tha  Amarlcan  acono^.^^^  Whlla  thara  may  ba  thousands  of 
sarvlca  stations,  ratall  clothing  storas,  and  suparmarkats , tha  bahavlor 
of  rivals  ganarally  cannot  ba  Ignorad.  Instaad  of  btiiavlng  according 
to  tha  modal  of  monopolistic  competition,  Indiistrlas  such  as  tha 
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above  three  each  b^ava  more  like  a series  of  linked  oligopolies. 

Tha  modal  of  monopolistic  competition  also  shares  tha  basic  limita- 
tions of  the  models  discussed  in  sections  B throu^  D.  Tha  models  are 
concamad  mainly  with  tha  determination  of  market  price  (or,  In  tha  case 
of  tha  kinked  demand  curve  model,  with  explaining  the  rigidity  of 
currant  market  price),  and  In  achieving  this  determinancy,  they  have 
abstracted  from  several  factors  that  are  likely  to  have  a significant 
Impact  on  tiie  behavior  of  actual  firms.  For  example,  it  Is  assumed 
that  each  firm  knows  Its  cost  and  revenue  functions  with  certainty, 
and  while  this  might  be  acceptable  under  perfect  competition  where 
each  firm  takes  prices  as  given  and  only  needs  to  estlmste  its  produc- 
tion function.  In  the  real  world  uncertainty  as  to  future  costs  and 
the  future  state  of  demand  are  a major  source  of  concern  to  the 
corporate  manager.  In  the  remainder  of  this  chapter  models  of  recent 
vintage  that  attempt  to  explain  the  behavior  of  the  modem  corporation 


are  examined. 


P.  REFOIMDLATIHG  THE  PIIM'S  OBJECTIVE  FONCTION:  MAXIMIZING  THE  STOCK 

MABKET  VALUE  OF  THE  HEM 

In  the  traditional  nodala  of  tha  flra  dlacuaaad  In  aactlona  B 
throui^  E It  waa  aaauaad  that  tha  fin  aaxlalsaa  total  profit.  In 
thoaa  alngla  period  optlnlcatlon  aodela  long  run  profit  aaxlalzatlon 
la  conalatant  with  abort  run  profit  uxlnlcatlon,  l.a.  the  fin  doea 
not  auffer  any  han  to  Ita  long  run  profitability  by  puraulng  the 
tropic  policy  of  aaxlalzlng  abort  run  profit.  Both  In  the  abort  run 
and  In  the  long  run  the  fin  aelecta  the  coat-alnlBlzlng  cooblnatlon  of 
variable  Inputa  with  which  to  produce  Ita  choaen  level  of  output,  the 
only  difference  being  that  In  the  long  run  the  aet  of  variable  Inputa 
Includaa  the  fln'a  capital  atock  and  In  the  abort  run  It  doea  not. 

Short  run  profit  aanlBlzatlon  la  conalatent  with  long  run  profit  naxlmi- 
ration  becauae  the  foner  Involvea  Mxlalzlng  profit  aubject  to  the 
conatrelnt  that  the  fln'a  capital  atock  la  fixed,  while  the  latter 
Involvea  the  aaae  optlalzatlon,  but  with  capital  variable. 

In  the  real  world,  however,  fine  are  typically  faced  with  having  to 
nake  Intertewporal  profit  trade  of fa.  Current  declalona  are  likely 
to  affect  future  prof Ita,  aa  for  exaaple,  when  a declalon  la  ude  to 
reduce  price  thla  period  (aay,  the  price  of  autoaobllaa) , and  aa  a 
raault,  an  Increaae  In  the  quantity  of  unlta  aold  oceura  thla  period, 
but  at  Oie  ezpenae  of  unlta  aold,  and  poaalbly  at  the  expenae  of  proflU 
aa  well,  next  period.  More  recent  attenpta  to  aodel  the  behavior  of 
the  fin  have  taken  Into  account  tha  nultlperlod  context  within  which 
actual  fine  operate.  In  thane  aodern  aodela,  Intertaaiporal  profit 
trade  of fa  are  explicitly  taken  Into  account.  Such  aodela  confon 
with  the  widely  held  view  that  actual  flna  are  not  audi  Interaated 
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in  th«  quick  kill  that  abort  run  profit  auudalEation  implies  and  that, 

aa  a consequanca,  it  is  unlikaly  that  an  actual  firm  would  as  a 

general  practice,  intentionally  pursue  short  run  policies  to  the 
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detriment  of  its  long  run  objectives  and  continued  survival. 

Moreover,  actual  firms  operate  within  a multiperiod  context  that  is 

characterized  by  uncertainty,  and  in  such  an  environment,  the  exact 
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meaning  of  'profit  maximization'  ia  unclear. 

In  this  section  the  traditional  profit-maximizing  laodel  of  the 
firm  is  reformulated.  The  single  period  objective  of  maximum  total 
profit  is  replaced  by  the  objective  of  maximizing  the  stock  market 
value  of  the  firm,  one  of  several  possible  objective  functions  that 
explicitly  take  into  account  intertemporal  profit  trade  offs.  Then 
an  example  of  sudi  a model  ia  presented.  In  the  last  part  of  the 
section,  altamatlve  objectives,  such  as  sales  maximization  and  growth 
maximization,  and  their  relation  to  the  objective  of  profit  maximization 
are  discussed. 

1.  Maximizing  the  Stock  Market  Value  of  the  Firm 

The  moat  obvious  way  to  adapt  the  objective  of  profit  maximi- 
sation to  a multiperiod  context  ia  to  have  the  firm  maximize  the 
present  value  of  the  future  flow  of  profits.  If  the  firm's  profit  in 
each  period  t is  denoted  by  , and  if  the  firm's  rata  of  discount, 
p , ramalna  constant  throu^out  future  time  periods,  than  tiia  present 
valua,  V , of  tha  future  flow  of  profits  is  given  by 

a 

V - E , (60) 

t-1  (1+p)' 
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where  it  hee  been  assumed  that  profit  is  realised  at  the  end  of  each 
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period.  If  profit  is  initially  and  is  growing  at  an  annually 

compounded  rate  of  g • 100  percent  per  annum,  then  (60)  simplifies 
to 


V 


» w (1+8)^ 

^ i 

t-1  (1+p) 


ir  (r^) 
o 'p-g 


(61) 


provided  g < P . If  profits  remain  constant  forever  (i.e.  g ~ 0)  , 
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then  (61)  simplifies  further  to  the  present  value  formula 


V - Vp  . (62) 

The  use  of  present  value  calculations  in  deriving  formulas 
(60) , (61) , and  (62)  takes  into  account  intertemporal  profit  trade 
offs.  If  the  firm  attempts  to  maximise  short  run  profit,  it  may 
wind  up  setting  hi|^  prices  that  bring  about  a loss  of  consumer  good- 
will and  adversely  affect  future  sales  or  it  may  cut  costs  by  reducing 
product  quality  only  to  find  that  future  sales  suffer  as  a result. 
Given  that  most  individuals  — either  in  their  role  as  sharAolders  or 

in  thalr  role  as  managers  of  firms  — have  a positive  preference  for 
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Income  now  rather  than  in  the  future,  the  firm  will  be  willing  to 
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some  extent  to  sacrifice  future  profits  for  present  profits.  But 

it  is  unlikely  that  the  firm  would,  as  a general  operating  policy, 

125 

strive  all  out  for  maximum  profit  in  tiie  short  run. 

Given  that  certain  conditions  are  satisfied,  V in  formules 
(60) , (61) , and  (62)  can  be  interpreted  es  the  total  market  value  of 
the  firm.  Hodigliani  and  Miller  have  shown  that,  when  capital  markets 
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are  perfect,  the  total  market  value  of  the  firm  — the  market  value 

of  Its  equity  plus  the  market  value  of  its  dd>t  — la  Independent  of  the 

firm's  capital  structure  — the  distribution  of  ownership  claims  between 

equity  and  debt  — when  the  capital  markats  are  In  equilibrium,  and 

that,  with  additional  assumptions,  this  result  continues  to  hold  even 
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when  there  Is  uncertainty  present.  Under  Modigliani's  and  Miller's 

assumptions  and  with  Interpreted  as  expected  profit  and  with  p 
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Interpreted  as  the  appropriate  discount  rate,  formula  (62)  expresses 

the  total  Btarket  value  of  the  firm  under  uncertainty  when  capital 

markets  are  In  equilibrium.  Thus,  the  traditional  model  could  be 

reformulated  with  either  the  present  value  of  future  profits  or  the 

total  Bwrket  value  of  the  firm  as  the  objective  function,  and  the  two 

reformulations  would  be  equivalent  when  the  capital  markets  are  In 
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equilibrium,  provided  capital  markets  are  perfect  and  complete. 

Formulas  (60),  (61),  and  (62)  would  be  appropriate  as  the 

objective  function  of  the  firm  — Interpreted  as  either  the  present 

value  of  the  profit  stream  or  the  total  maticet  value  of  the  firm  — 

provided  the  firm  were  owner-controlled,  because  under  owner  control 

the  firm's  owners,  rather  than  the  firm's  managers,  decide  how  total 

profit  is  distributed  be^een  dividends  and  retained  earnings.  More 

Importantly,  the  owners  would  determine  the  firm's  Investment  policy 

and  Its  financial  policy,  both  of  which  will.  In  general,  affect  the 

firm's  profitability  and  Its  total  market  value.  As  long  as  greater 

wealth  Is  preferred  to  less,  the  owners  could  be  expected  to  select 

those  policies  that,  given  die  operating  and  financial  decisions  of 
151 

all  other  firms,  maxlnise  the  total  market  value  of  the  firm. 


Given  the  separation  of  ownership  from  control,  however,  the 

shar^oldera  of  the  firm  have  only  an  Indirect  say  In  the  firm's 

operating  policies  and  they  do  not  control  the  distribution  of  profits. 

Their  ownership  Is  limited  to  the  shares  they  hold  and  they  have  two 

sources  of  Income:  the  dividends  they  receive  periodically  and  the 

132 

capital  gains  they  realize  upon  sale  of  their  shares.  For  this 

reason.  It  Is  the  stock  market  value  of  the  firm's  shares,  rather  than 

the  total  market  value  of  the  firm,  that  contributes  directly  to  the 

utility  of  the  owners.  Since  a higher  market  value  of  the  firm's  shares 

ceteris  paribus  increases  shareholders'  current  wealth,  which  In  turn 

Implies  greater  shareholder  utility,  the  criterion  of  maximizing  the 

utility  of  the  firm's  shar^olders  Is  Identified  with  the  maximization 
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of  the  current  market  value  of  the  firm's  shares,  although  at  Che 

very  least  this  requires  that  capital  markets  be  perfect  and,  in  an 

uncertain  environment.  It  requires  chat  additional  conditions  be  satis- 

fled.''"^^  Given  that  the  appropriate  assumptions  are  satisfied,  the 

maximization  of  the  stock  market  value  of  the  firm's  shares  Is  the 

appropriate  objective  function  for  a model  that  Is  based  on  the  view 

that  the  firm's  managers  act  In  a manner  consistent  with  the  best 
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interests  of  the  firm's  shareholdsrs . 

The  reformulation  of  the  traditional  model's  abjective  function 

In  terms  of  the  stock  market  value  of  equity  has  taken  either  of  two 

136 

foram:  maxisdzlng  the  share  price  or  auixlmizlng  the  aggregate 
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market  value  of  the  firm's  equity.  In  eech  case,  however,  a variety 
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of  specific  formulations  exist.  * The  two  approaches  are  equivalent 
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when  the  nuaber  of  shares  outstanding  Is  held  fixed.  It  should  be 
noted  that  tha  objectlvas  of  short  run  profit  maximization,  maximization 
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of  the  totel  market  value  of  the  firm,  maximization  of  the  stock  market 

value  of  the  firm,  and  maximization  of  the  share  price  cannot.  In  general, 

be  used  interchangeably.  VHille  an  exhaustive  examination  of  conditions 

under  which  different  objectives  are  Interchangeable  lies  beyond  the 

scope  of  this  paper.  It  should  be  mentioned  that  the  four  objectives  can 

be  used  interchangeably  (l.e.  short  run  profit  maximization  Is  equivalent 

to  the  other  three)  when  (1)  the  firm's  policy  choices  one  period  do  not 

affect  Its  profitability  In  any  other  period,  (11)  capital  markets  are 
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perfect,  and  (ill)  there  Is  perfect  certainty.  Since  actual  capital 
markets  do  not  possess  these  characteristics,  the  four  objectives  cannot 
be  regarded  as  Interchangeable  In  models  that  purport  to  explain  the 
behavior  of  actual  firms. 

In  view  of  the  apparent  separation  of  ownership  from  control 
throughout  much  of  the  modern  corporate  sector,  the  next  section  describes 
a model  In  which  the  objective  of  the  firm  Is  to  maximize  the  market  value 
of  the  firm's  equity.  Similar,  though  more  complex,  models  are  discussed 
In  sections  I through  L of  this  chapter. 


2.  A Value  Maximization  Model 

This  subsection  presents  a simple  value  maximization  model  of  the 
firm.  The  model  assumes  that  there  Is  certainly  with  regard  to  future 
events  and  that  capital  markets  are  perfect,  so  that.  In  equilibrium 
at  least,  maximizing  the  firm's  stock  market  value  Is  equivalent  to 


maximizing  shareholder  utility.  A second  value  maximization  model 
that  assumes  a certain  environment  is  described  below  In  section  J. 


That  model,  the  certainty  version  of  the  Llntner  model.  Is  more  con- 
veniently placed  In  section  J along  with  Llntner' a uncertainty  models. 


vhlch  mrm  shoini  to  b*  stralghtfoiward  general! rations  of  his  basic 
certainty  aodel.  As  the  Lintner  certainty  nodal  differs  fron  the  nodel 
discussed  in  this  std>section  — Lintner  assunea  steady-state  growth 
whereas  the  nodel  discussed  below  pemits  the  fim's  rate  of  growth  to 
vary  over  tlaie  — the  reader  ni^t  find  it  Interesting  to  read  the 
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first  subsection  of  section  J rl^t  after  conpletlng  tills  subsection. 

Consider  a fim  that  produces  a single  product  that  it  sells 

in  a less  than  perfectly  conpetitive  narket.  At  each  point  in  tine  it 
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sells  Q(t)  units  of  output  at  price  p(t)  . Demand  is  a function 

of  both  price  and  the  current  level  of  advertising  expenditure.  Assuming 

that  the  demand  function  can  be  reexpressed  with  price  p(t)  as  the 

dependent  variable,  demand  satisfies  p(t)  ■ p[Q(t),  A(t)]  , where 

A(t)  is  the  level  of  advertising  expenditure  at  tine  t . Total  revenue 

at  tine  t , Il(t)  , is  then  also  a function  of  quantity  and  the 

current  level  of  advertising  expenditure,  R(t)  - R[Q(t),  A(t)]  . The 

current  rate  of  output,  Q(t)  , is  a function  of  the  amount  of  capital 

and  the  amounts  of  the  variable  Inputs,  such  ss  labor,  that  are  employed 

in  production.  Given  the  current  capital  stock,  K(t)  , and  given 

perfect  factor  markets  (l.e.  constant  narket  prices  for  all  variable 

inputs),  the  fim's  cost  of  production  function  C[Q(t):  K(t)]  , whidi 

is  written  in  this  nanner  to  emphasise  the  function's  dependence  on  the 
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size  of  the  fim's  capital  stock  at  tins  t , can  be  determined. 

Ignoring  corporate  income  taxes,  the  fim  can  use  the  cash 
generated  from  its  operations,  R(Q(t),  A(t)]  - C[Q(t);  K(t)]  , for 
one  of  the  following  three  purposes:  p«yint  dividends,  advertising, 
and  purchasing  plant  and  equlpmant  (i.e.  gross  investment).  Letting 
D(t)  represent  the  amount  of  dividends  paid  at  tine  t and  letting 
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I(t)  r«pr«rent  th«  l«v«l  of  gross  Invsstasnt,  th'«  sourcss  of  cssh 
■ust  squal  chs  usss  of  cssh,  so  that  ths  following  accounting  Idsntlty 
■use  slvays  hold: 


g[Q(t),  A(t)]  - C[Q(t);  K(t)]  - D(t)  + A(t)  + I(t)  . (63) 


Solving  (63)  for  D(t)  yields  ths  following  azpruislon  for  the  saount 
of  dividends  paid  at  tlas  t : 

D(t)  - »(Q(t),  A(t)l  - CIQ(t);  r(t)]  - A(t)  - I(t)  , (64) 

where  D(t)  Is  required  to  be  nonnegative. 

Under  the  assuaptlona  of  certainty  and  perfect  narkets  and  the 
additional  aasuaptlon  that  the  aarket  rate  of  Interest,  r , remains 
constant  over  tins,  the  current  stock  narkst  value  of  the  fin's  equity, 

V , Bust,  In  squlllbrlu*!:,  equal  the  present  value  of  the  future  flow 
of  dividends,'^* 

m 

V - / D(t)  e"'^  dt  . (65) 

0 

Adopting  the  traditional  criterion.  It  Is  sssuaed  that  the  fin's 
objective  Is  to  naxlBlse  (65) . 

Ths  optlnlsatlon  Is  not  unconstrained,  however.  Allowance  Bust 
be  Bade  for  deprsdatlon.  Assubs  the  capital  stock  wears  out  at  a 

constant  rats  6 , so  that  6 • K(t)  represents  ths  cost  of  capital 
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depreciation.  Assuming  that  all  InvsstBsnt  Is  financed  Internally, 

the  growth  rate  of  the  fin's  capital  stock,  K(t)  , where  ths  dot  denotes 

'TT  r 
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dlff«r«ntlatlon  with  raapacc  to  tiaa,  is  Identically  equal  to  groaa 
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invaataant  leas  depreciation, 

K(t)  - I(t)  - 6 • K(t)  . (66) 

The  objective  of  the  fira  is  to  aaxlaize  (65)  subject  to  (66) . 

Rewriting  (66)  as 

I(t)  - K(t)  + 6 • K(t)  (67) 

and  perforsdng  two  substitutions,  the  first  involving  (67)  being 

substituted  for  l(t)  into  (64)  and  the  second  involving  the  resulting 

expression  for  D(t)  being  substituted  into  (65) , the  aodel  of  the 

value-aaxiBizing  fira  can  be  foraulated  as  the  following  unconstrained 
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aultiperlod  optiaixation  problea: 

«0 

aaxiaite  V - / {R(Q(t)  ,A(t)l  -C[Q(t);  K(t)l  -A(t) 

{Q(t),A(t),K(t)}  0 

- [K(t)  + 6 • K(t)]}  e"'^  dt  , (68) 
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which  can  be  solved  by  eapli^ing  the  classical  calculus  of  variations. 

The  necessary  conditiona  for  an  optiaal  solution  to  problea  (68),  which 
are  used  collectively  to  characterize  the  aquilibrlua  position  of  the 
individual  fira  through  tias,  are  the  followings 
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- 0 


(70) 


«dR  3C  pv  “rt  a o ^ 71  ^ 

* ) - 0 , (71) 

where  equetlon  (71)  is  the  Euler  equetlon. 

Since  e“'^  > 0 , It  follows  from  (69)  thst  •t 

esch  time  t , whldi  is  just  the  fswilisr  msrglnsl  revenue  equels 

msrginsl  cost  rule  for  short  run  profit  msximisstion.  Thus,  in 

setting  its  output  level,  the  firm  behsves  ss  s short  run  profit 

dR 

mszimiser.  Similsrly,  (70)  inplies  thst  'JJf  “ 1 ‘t  esch  time  t , 
which  is  Just  the  seme  short  run  profit  msximlsetion  rule  spplied  to 
sdvertising  instead  of  output.  The  firm  should  spend  on  advertising 
up  to  tiie  point  St  which  an  additional  dollar  of  advertising  expendi- 
ture cells  forth  exactly  an  additional  dollar  of  revenue. 

Evaluating  t rearranging  terms,  and  simplifying 

inequation  (71),  yields  the  following  necessary  condition  for  optimal 
investment  in  plant  and  equipment: 


is. 

3K  ~ 3K 


6 + r . 


(72) 


According  to  (72),  at  each  point  in  time  the  firm  should  invest  in 
plant  and  equipment  up  to  the  point  at  Which  the  addition  to  net 
revenue  (i.e.  total  revenue  less  variable  coats)  resulting  from  the 
optimal  uaa  of  tha  new  facilities  Just  equals  the  coat  of  capital, 
measured  in  (72)  as  the  sun  of  the  rata  of  depreciation  and  tha  rate 
of  interest,  i.e.  the  sw  of  depreciation  costs  and  the  opportunity 
cost  of  capital.  More  simply,  the  firm  should  continue  to  invest  up 
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to  th«  point  at  which  tha  Barginal  profitability  of  capital  Juat 
aquala  tha  aarglnal  cost  of  capital.  This  Is  Just  tha  neoclassical 
criterion  for  optlaal  capital  Investaant  (when  capital  goods  prices 
are  held  fixed). Collectively • conditions  (69)  - (71)  have  been 
shown  to  yield  the  equlllbrlua  conditions  for  short  run  profit  naxlsd.- 
cation,  which  bears  out  the  stateaent  nada  In  the  previous  subsection 
that.  In  a world  of  certainty  with  perfect  aarkets,  short  run  profit 
aaxlalsatlon  and  aaxlalslng  tha  flra's  share  price  are  equivalent. 

By  way  of  suaaarlslng  this  subsection,  the  characteristics  of 
the  value  aaxlalsatlon  aodal  are  suaaarlsed  In  table  II-ll. 


Table  II-ll  Suaaary  of  Value  Maxlalsatlon  Hodel 


Class: 

Flra’s  Objective: 


Constraints: 


aodam  traditional  (see  (68)  In  text) 

stock  aarket  value  aaxlaisatlon  (where  the  stock 
aarket  value  of  the  fira  Is  expressed  as  the 
present  value  of  the  flow  of  dividends) 

lapllcltly,  technological  constraint  (once  again, 
eabodlad  In  die  (Implicit)  production  function) 
and  lapllcit  product  deaand  (at  each  point  In  tlae) 
and  factor  supply  (at  eadi  point  In  tlae)  constraints 
also  lapllcltly,  nonnagatlvlty  constraints  on  the 
decision  variables  and  on  dividend  flows 


Variables: 
Exoaenous : 
Endoaanoue : 

Decision: 

Finance: 


Interest  rata  (r) 

for  eadi  tlae  t , output  (Q(t)),  advertising 
expenditure  (A(t)),  capital  stock  (K(t)), 
Investaant  (l(t)),  and  dividends  (D(t)) 

for  each  tlas  t , output  (Q(t)),  advertising 
expenditure  (A(t)),  and  capital  stock  (K(t)) 

Internal  financing  only 


Certainty /Uncertainty : assuaas  certainty 


Equlllbrlua/ 

Dlsaqulllbrlua: 


Tlas: 

Type  of  Modal: 
Solution  Tadinlqus: 


characterisation  of  equlllbrlua,  and  specifically, 
of  the  aqulUbrluB  position  of  the  flra  at  eadi 
point  In  tlas  and  of  the  equlllbrlua  tlas  path 
of  the  flra's  capltsl  stock  (K(t)) 

aultlpsrlod 

dynaale  optlalsaclon  (optlaal  control  prdblsa) 
classical  calculus  of  variations 
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3.  Alternative  Objectivea 

Thus  far  all  the  aodela  that  have  been  considered  have  assumed 
that  the  firm's  managers  try  to  maximize  the  welfare  of  the  firm's 
owners,  whldi  amount  to  profit  maximization  In  the  single  period  world 
of  sections  B through  E and  maximizing  the  share  value  of  the  firm, 
which  reduces  to  profit  maximization  when  markets  arc  perfect  and  the 
future  Is  certain.  In  the  multiperiod  context  of  the  prevlotia  subsection. 
Vlhether  In  the  modem  corporate  environment  of  large,  diversified  firms 
whose  managers  enjoy  considerable  discretion  It  Is  still  reasonsble  to 
assuM  either  that  economic  forces  are  at  work  to  ensure  profit  (or 
value)  maximization  or  that  managers  for  some  reason  feel  obligated  to 
do  the  best  tiiey  possibly  can  for  the  firm's  shar^olders  has  been  the 
subject  of  considerable  debate,  the  fundamental  Issues  of  which  were 
summarized  In  chapter  one.  A variety  of  alternative  objectives  have 
been  proposed,  and  the  purpose  of  this  subsection  Is  to  Indicate  In  broad 
terms  (1)  why  these  alternative  objectives  may  not  be  very  different 
from  profit  maximization  and  (11)  even  If  they  are  different.  It  may 
be  very  difficult.  If  not  impossible  In  many  cases,  to  determine  which 
objective  (or  set  of  objectives)  Is  'best' . 

The  next  section  of  this  diapter  describes  models  In  which 

managers  are  assumed  to  act  In  their  own  best  Interest,  maximizing 

salas  or  a utility  function  whose  arguments  era  quantities  that  are  of 

Interest  to  msnagers.  In  each  model  profit  appears  as  a constraint. 

If  due  to  pressure  from  dissident  shareholders  or  to  adverse  swinge  In 

business  activity  the  profit  constraint  beconss  binding,  the  firm  will, 
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In  effect,  be  forced  to  mexlaiBe  profit.  If  the  profit  constraint 
Is  altemstivmly  binding  and  nonbinding,  then  the  firm's  managers  nay 
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Mzlmlxe  growth  (or  some  other  quantity)  one  period  and  profit  the 
next.  Trying  to  determine  empirically  whether  the  firm  Is  a profit 
maximizer  or  a growth  maximizer  would,  therefore,  be  very  difficult 
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unless  this  particular  pattern  of  behavior  were  correctly  Identified. 

So,  while  the  firm  generally  cannot  maximize  two  different  quantities, 

say  sales  and  profit,  at  the  same  time.  It  may  pursue  different  objec- 
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tlves  at  different  points  In  time.  This  point  Is  discussed  further 
In  the  next  section. 

A second  complication  that  makes  It  difficult  to  determine  the 
true  objectives  of  the  firm  Is  uncertainty.  If  the  firm's  managers  are 
trying  to  maximize  the  market  value  of  the  firm,  then  modifying  (62), 
they  try  to  maximize  ^ ^ 8**^  where  uncertainty  exists,  both 

X and  p can  vary,  and  If  the  firm  can  adjust  Its  expenditures  on 
advertising  and  promotion,  research  and  development,  and  Investment  In 
plant  and  equipment  In  such  a way  as  to  reduce  the  fluctiiatlons  In 
profit  over  time,  and  thereby  reduce  the  level  of  risk  and  the  value 
of  p , It  may  succeed  In  raising  V , even  though  It  Is  at  the  same 
time  reducing  x . During  peak  periods  the  firm  may  Increase  adver- 
tising or  research  and  development  expenditure  (or  both)  beyond  the  point 
at  which  It  Is  most  profitable  to  do  so  In  order  to  moderate  a rapid 
Increase  In  profits.  While  the  firm  Is  actually  attempting  to  reduce 
the  fluctuation  In  total  profit.  It  may  appear  to  an  outside  observer 
that  It  Is  attempting  to  maximize  sales  or  growth  (subject  to  maln- 
tslnlng  some  satisfactory  level  of  profit,  x ). 

A third  complication  Is  that  suggested  by  the  behavlorallsts. 
According  to  the  behavlorallsts,  the  objectives  of  firms  vary  according 
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to  th*  goals  of  tha  social  groupinga  that  aaka  up  aach  fin,  and  the 
goals  of  any  single  flrn  can  change  over  tine  as  tha  coag>osltlons  of 
the  sod el  groupings  change  and  as  power  — the  relative  extent  to 
which  a single  social  grouping  Is  able  to  Influence  the  other  social 
groupings  to  accomodate  Its  goals  within  the  set  of  goals  established 
for  the  flm  — shifts  aaong  the  social  groupings  within  the  fin. 

There  my  at  no  tine  be  any  single  overriding  goal  that  the  fin's 
nanegers  seek  to  naxlnlse.  Rather,  according  to  this  view  of  the  fin, 
the  various  social  groupings  have  goals  that  conflict  to  sone  extent. 
The  goals  of  the  fin  are  established  through  a bargaining  process 
that  detenlnes  a set  of  conpronlse  goals.  For  this  reason,  the  fin 
Is  unlikely  to  optlodse  with  respect  to  sone  single  objective,  but 
rether.  It  Is  likely  to  seek  satisfactory  perfonance  with  respect  to 
each  of  the  several  goals  that  arise  out  of  the  bargaining  process  In 
order  to  try  to  satisfy  each  social  grouping.  The  behavioral  nodels, 
their  strengdis  and  their  lladtatlons,  are  discussed  further  in  section 
H. 

The  next  section  describes  a class  of  nodels  that  reflect  the 
objectives  of  corporate  nanagers.  In  such  nodels  profit  and  the  stock 
narket  value  of  the  fin  play  significant  roles,  thou^  as  constraints 
rather  than  as  the  single  all-consunlng  goal  of  the  fin. 

G.  HAMACTRIAL  NODELS:  MAXIMIZIIIG  HAMACERIAL  UTILITY 

Managerial  theories  of  the  fin  reflect  the  recognition  by  econo- 
nlsts  first,  that  corporate  nanagers  have  objectives  other  than  tha 
■aslnlsatlon  of  total  profit  or  tha  naxlnlsatlon  of  the  stock  narket 
value  of  tiia  fin,  and  second,  that  tha  separation  of  ownership  fron 
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control  and  laparfactlons  in  the  capital  naifceta  have  given  corporate 


■anagera  aone  dlacretlon  to  puraue  their  own  objectlvea.  According 
to  Mueller: 


...  managers  ■axlaise,  or  at  least 
pursue  as  one  of  their  goals,  the  growth 
In  physical  sire  of  their  corporation  rather 
than  Its  profits  or  stockholder  welfare  . . . 
both  the  pecuniary  and  nonpecunlary  rewards 
which  nsnagers  receive  are  closely  tied  to 
the  growth  rate  of  their  flm. 

Moreover,  "a  growth-anxlsdrlng  nanagenent  can  be  expected  to  push  Its 
[growth]  beyond  the  point  that  naxlnlees  stockholder  welfare. 

Therefore,  the  nanagerlal  theories  have  replaced  the  traditional 
objective  of  profit  (or  stock  narket  value)  naxlniaatlon  with  other  goals, 
such  as  growth  naxlnlxatlon,  that  reflect  the  objectives  of  corporate 
■anagers . 

Managers  are  held  to  favor  growth  and  large  size  for  a variety  of  reasons. 
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Managers  are  supposed  to  value  salary,  power,  and  status,  all  of  which 
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are  positively  correlated  with  the  size  of  the  firm.  Larger  size 

provides  nanagenent  with  greater  security  against  takeover^^^  and  with 

a heightened  ability  to  raise  finance  Intemelly  that  leads  to  Improved 

corporate  financial  security; enables  flms  to  take  advantage  of 

economies  of  scale  In  production,  researdi  and  development,  and  market- 

Ing;  leads  to  market  power  that  facilitates  effective  corporate 
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planning;  and  makes  It  easier  for  flms  to  diversify  Into  naw 
markets. Paster  growth  creates  more  opportunities  for  the  Internal 
promotion  of  lower  and  middle  level  managers lends  the  Impression 
that  the  flm  Is  'progressive* facilitates  Improvements  In  operating 
efficiency  as  the  flm  brings  naw  people  Into  the  organisation  and 
adopts  new  and  better  productive  techniques and,  given  the  current 
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sis*  of  the  flra»  enables  the  fin  to  achieve  a larger  else,  with  all 
the  benefits  that  larger  sis*  entails,  aore  quickly.  Growth  through 
diversification  often  carries  the  added  advantages  of  a teaq>orary 
monopoly  position,  when  a new  product  Is  developed  and  other  fins  are 
slow  to  react, and  a reduction  In  the  fin's  overall  level  of  rlsk.^^^ 
According  to  Harris,  professional  managers  are  motivated  to  adopt 
policies  that  promote  growth,  not  only  because  growth  creates  new 
openings  In  the  corporate  hierarchy,  but  also  because  the  head  of  a 
growing  division  distinguishes  himself  as  a productive  mesber  of  the 
organisation  worthy  of  promotion. Harris  and  others  have  fornilated 
models  of  the  fin  In  which  measures  of  growth  or  slse  enter  the 
objective  function  either  directly  or  Indirectly  through  the  managerial 
utility  function. 

Corporate  managers  are  believed  to  have  other  objectives  as  well. 

' Honsen  and  Downs  argue  that  managers  are  Interested  In  maximising  the 

present  value  of  their  lifetime  Incomes,  which  they  argue.  Is  not 
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directly  related  to  the  current  level  of  profits.  Oliver  Williamson 
maintains  that  managers  are  utility  maxlmlsers  and  that  managerial 
utility  Is  a function  of  the  sis*  of  the  manager's  staff,  total  emolu- 
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msnts,  and  the  amount  of  discretionary  profit  at  the  manager's  disposal. 
Cordon  argues  that  managers  strive  for  security  and  m^  eschew  even 
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relatively  safe  ways  of  Increasing  total  profit  In  order  to  avoid  risk. 
Though  giving  growth  a primary  role,  Harris  also  incorporates  a measure 
of  security  — the  valuation  ratio  — in  his  version  of  the  msnagerlel 
utility  function. 

This  section  describes  the  managerial  models  of  Baumol,  Harris, 
and  Oliver  WllUamson,  In  that  order. 
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1.  The  Bauaol  Models 

e.  Baunol's  Sales  MaxlalKaCion  Modal 

Based  in  part  on  his  axparlanca  as  a business  consultant, 

William  Baumol  has  formulated  a modal  of  the  large  oligopolistic  firm 

in  which  the  firm's  objective  is  to  maximize  total  sales  revenue. 

Baumol  argues  that  corporate  managers  are  oiore  Interested  In  sales 

than  profit,  partly  because  sales  are  more  amenable  than  profit  to 

objective  measurement  and  partly  because  the  salaries  of  top  managers 

sre  more  closely  correlated  with  the  size  of  the  firm  than  with  Its 
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profitability.  Numerous  statements  by  corporate  executives  and 

articles  In  the  business  literature  would  appear  to  bear  this  out. 

For  example,  the  following  somewhat  remorseful  statement  by  Brooks 

McCormick,  President  of  International  Harvester  Co.,  "We  became  a sales- 

orlented  organization,  assuming  the  more  volume  we  had,  the  more  money 

we  would  make.  We  simply  did  not  put  sufficient  emphasis  on  profits- 
17Q 

blllty."  As  this  statement  attests,  the  firm  cannot  Ignore  its 

profitability.  There  Is  a profit  constraint  In  the  Baumol  model,  but, 

according  to  Baumol,  once  this  minimum  level  of  total  profit  has  been 

attained,  the  firm's  managers  are  willing  to  sacrifice  any  further 
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Increase  in  profit  for  an  Increase  In  sales  revenue. 

The  firms  with  whldi  Baumol  is  concerned  are  oligopolistic. 
From  the  discussion  In  sections  C and  D It  would  appear  that  the  oli- 
gopolistic Interdependence  of  firms  would  have  to  be  taken  Into  account. 
Baumol  circumvents  this  problem  by  arguing  that  the  firm  follows 

established  practices  in  its  day-to-day  operations  and  ignores  the 

18l 

behavior  of  its  rivals  in  the  short  run.  This  ensbles  Baumol  first. 
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to  focus  on  the  oligopolistic  fin  In  Isolation  and  to  draw  the  firm's 

downward-sloping  demand  curve  without  any  kink,  and  second,  to  determine 

the  fin's  optimal  production  and  advertising  policies  without  having 

to  take  Into  account  explicitly  the  reactions  of  the  fin's  rivals. 

Since  the  demand  curve  Is  downward-sloping,  maximizing 

sales  revenue  Is  not  the  same  as  maximizing  the  volume  of  physical 

output.  In  the  absence  of  a profit  constraint,  maximizing  sales  revenue 

would  require  the  fin  to  locate  the  level  of  output  at  whldi  marginal 

revenue  Is  zero,  or  equivalently,  at  which  the  price  elasticity  of  demand 
182 

is  equal  to  one.  In  figure  11-14  the  fin  would  produce  units 

of  output,  which  It  would  sell  at  price  , and  earn  total  revenue  of 
R(Q^)  ~ ^3  * Q3  * Since  MC  > MR  at  , the  fin  would  not  earn 
giaxlmum  profit,  and  In  fact,  since  < AC  , It  would  experience  a loss. 


AC 


/ 


output 


Figure  11-14:  Short  Run  Optima  for  a Revenue 

Maxlmlzar  and  a Profit  Maximizer 
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If  th«r«  Is  a profit  constraint,  than  the  firm  must  take 

this  into  account  when  setting  price  and  output.  Because  the  firm  in 

the  Bausiol  model  would  be  willing  to  sacrifice  any  additional  profit 

beyond  this  minimum  required  amount  if,  by  so  doing,  it  could  generate 

additional  sales  revenue,  the  firm  treats  the  minimum  required  level 

of  profit  like  an  addition  to  its  fixed  cost.  The  selling  price  will 

be  the  sum  of  the  average  cost,  AC  , plus  a mark-up  Just  sufficient 

to  meet  the  profit  constraint.  In  figure  11-14  the  firm's  profit  must 

total  at  least  ir  , and  the  curve  AC  -t-  rr  /Q  has  been  drawn  by  adding 
o o 

n /Q  , per  unit  required  profit,  to  AC  , average  total  cost,  for  each 
o 

level  of  output  Q . The  constrained  sales  maximizer  will  produce 

Q2  units  of  output,  which  it  will  sell  at  price  P2  ■ AC(Q2)  + ''fQ/Q2  » 

and  earn  total  revenue  of  ^2  ' ^2  " ^2  ’ ^ ^o  total  profit 
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of  ir  , as  required.  Once  again,  total  profit  is  not  maximized 
o 
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because  marginal  cost  exceeds  marginal  revenue  at  Q2  . 

The  foregoing  has  focused  on  conditions  under  which  revenue 

maximizers  and  profit  maximizers  can  be  expected  to  act  differently. 

Conditions  under  which  they  can  be  expected  to  exhibit  identical  bdtavlor 

are  also  of  interest.  If  the  minimum  required  level  of  profit  were 

equal  to  the  maximum  attainable  profit,  then  a sales  maximizer  and  a 

profit  maximizer  would  behave  in  an  identical  fashion,  entploying  the 

same  coiri>ination  of  inputs,  producing  the  same  level  of  output,  and 

charging  the  same  price.  Moreover,  this  would  continue  to  be  true  if 

advertising  were  introrduced  into  the  modal.  In  this  mora  genaral 

case,  the  profit  constrsint  would  force  the  revenue  maximizer  to  adopt 

185 

advertising  policies  consistent  with  profit  maximization.  As  a 
second  case  of  identical  b^avlor,  even  if  the  maximum  attainable  profit 


exceeds  the  required  ndnlnua,  for  given  levels  of  production  cost  end 
sdvertlslng  expenditure,  a sales  maximizer  and  a profit  maximizer  vould 
use  the  same  combination  of  Inputa  to  produce  the  same  level  of  output. 

Since  profit  equals  revenue  minus  cost,  for  given  levels  of  total  pro- 
duction cost  and  advertising  expenditure,  revenue  maximization  Is  tanta- 
mount to  profit  maximization.  Indeed,  aa  demonstrated  below,  even  when 
production  costs  and  advertising  expenditure  levels  are  permitted  to 
vary,  the  sales  awxlmlzer.  Just  like  the  profit  maximizer,  strives  for 
maximum  productive  efficiency,  for  the  lower  are  the  revenue  maximizer's 
production  costs,  the  greater  Is  Its  surplus  of  revenue  over  production 

costs,  and  the  greater  Is  the  supply  of  funds  that  are  available  (beyond 
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those  needed  to  meet  the  profit  constraint)  to  be  spent  on  advertising. 

Baumol  assumed  that  the  marginal  productivity  of  advertising 
expenditure  Is  always  positive,  that  Is,  that  a one  dollar  Increase  In 
advertising  expenditure  will  always  call  forth  some  additional  sales  at 
the  current  market  price.  For  this  reason,  It  Is  Impossible  for  the 
firm  to  achieve  maximum  revenue  before  the  profit  constraint  has  been 
satisfied.  In  figure  11-15  the  firm  has  achieved  maximum  revenue  by 
producing  and  selling  units  of  output,  and  profit  exceeds  the 

required  minimum,  given  the  firm's  current  level  of  advertising  expendi- 
ture. The  firm  would  react  to  this  situation  by  spending  die  excess 
of  profit  above  the  required  minimum  on  advertising,  shifting  the  total 
revenue  and  total  cost  curves  upward.  Beyond  some  point  the  marginal 
productivity  of  advertising  expenditure  will  diminish  steadily,  and 
this  will  ensure  that  successive  Increases  In  advertising  expenditure 
will  produce  successively  smaller  Increments  In  total  revenue,  and 
eventually,  successively  greater  decrements  to  total  profit.  At  the 

188 

optimum,  Q2  In  figure  11-15,  the  profit  conatralnt  Is  satisfied  exactly. 
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demand  curve  DD  , can  be  formulated  aa  the  following  mathematical 

189 

programming  problem: 

n 

maximize  Z R. (q. »A. ) 

{q,  ,x,  ,A^  } 1-1 


aubject  to  F(q 


where  q^  la  the  output  of  the  1-th  good;  la  the  amount  uaed  of 
the  J-th  Input;  A^  la  the  amount  apent  on  advertialng  for  the  1-th 
good  (which  la  aaaumed  not  to  affect  the  demand  for  any  of  the  flrm'a 


other  producta);  A.)  la  the  revenue  earned  from  the  aale  of 


unite  of  output  1 and  la  a function  of  the  aanunt  of  output  and  the 
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level  of  advertialng  expenditure;  r^  la  the  unit  coat  of  the 
j-th  Input,  which  la  aaaumed  conatant;  and  ir  la  the  minimum  required 
level  of  profit.  The  objective  function  expreaaea  total  revenue 


earned  aa  the  aum  of  the  amounta  earned  on  the  Individual  producta 


the  flrat  conatralnt  la  tite  familiar  production  function,  and  the 


aecond  conatralnt  la  the  profit  conatralnt. 

The  aolutlon  to  problem  (73)  can  be  characterized  by 
applying  the  Kuhn-Tucker  condltlona  for  an  optimum.  The  Lagranglan 
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Solving  dissa  nacassary  condltlona  laada  to  a diaractarltatlon  of  tha 
slngla  period  eqolllbrlua  position  of  tha  revenue  saucLalflng  firm 


X2-  1 

Solving  mmch  of  the  equations  In  (75)  for  *1  ■ 

X,  - 1 1 

and  equating  may  two  expressions  tor  t ■—  yields 
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whcr*  -3q^/3q^  is  lnt«rpr*t«d  m the  rat*  of  product  transforaation. 
According  to  aquation  (80) , in  ordar  for  tha  fira  to  ba  in  aquilibriw, 
it  ia  necaaaary  that  tha  rata  of  product  tranaforaation  for  aach  pair 
of  goods  aqual  the  ratio  of  tha  aarginal  revanuaa  of  the  two  gooda. 

It  is  noted  that  condition  (80)  is  aquivalent  to  (25),  whare 

solving  aach  of  the  equations 

3F/3xj  ^2 

(76)  for  -X>/X.  gives  ^ . and  eouatine  anv  two  exnressioi 

for  - X2/Xj^  yields 

H 

where  -3x2/3xj^  is  interpreted  as  the  rate  of  technical  substitution. 
According  to  equation  (81) , in  order  for  the  fira  to  be  in  equilibriua, 
it  ia  also  necessary  that  the  rate  of  technical  substitution  between 
each  pair  of  inputs  equal  the  ratio  of  tha  costs  of  the  two  inputs. 

It  is  noted  that  condition  (81)  is  identical  to  (26) . Taken  together, 
the  equilibriua  conditions  (80)  and  (81)  iaply  that  the  sales  aaxLalser, 
like  the  profit  owxiBisar  whose  optiaal  aixas  of  outputs  and  inputa 
satisfy  (25)  and  (26),  raapactively , will  avoid  tha  production  of 
relatively  unprofitable  outputa  and  tha  use  of  relatively  unprofitable 
inputs . 

Unlike  the  profit  aaxiniser,  the  sales  aasialser  will 
produce  'too  auch*  output  and  use  'too  aany'  of  ita  inputa,  with  'too 
auch'  and  'too  aany'  understood  in  tha  sanae  of  'aora  than  a profit 
naxlaising  fim  would'.  To  saa  why,  solve  any  of  tha  equations  in 
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(75)  and  any  of  Che  equationa  In  (76)  for 
expreaalons  to  obtain 
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Solving  (82)  for  gives 
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From  (79),  X < 0 . It  follows  froa  (77)  and  the  assuaptlon  that 

3R.  ^ “ 


3A 


- > 0 , for  all  levels  of  advertising  expenditure  A.  , that 


3R. 


X2  < 0 . Otherwise,  for  X^  - 0 , (77)  gives  - 0 , which  Is  a 

contradiction.  Note  that  X^  < 0 laplles,  by  (79),  that  the  profit 

constraint  must  be  binding  at  opClmallCy,  as  stated  earlier  In  this 

X,-l 

subsection.  Thus,  froa  (79),  X < 0 , which  Implies  that  -4 > 1 

^2 

Then  froa  (83) 


X2-I 


3q. 


3R. 


3q« 


3R. 


)Xk  3q^  3x^  3q, 


1 < 1 < n 
1 < k < a 


(84) 


which  Implies  chat  the  sales  maximizer,  when  In  equilibrium  would 
employ  Inputs  beyond  the  point  at  which  It  Is  most  profitable  to  do 
so.  In  equilibrium  for  the  sales  maximizer,  the  marginal  revenue 
product  of  the  k-th  Input,  la  less  than  that  Input's 

marginal  cost  (in  this  case  )i  In  contrast  to  (27),  according 
Co  which  Che  profit  aaxlalser,  when  In  equilibrium,  would  have  hired 
Inputs  up  Co  the  point  at  which  the  marginal  revenue  product  of  each 
Input  Just  equals  that  input's  marginal  coat.  Therefore,  If  each 
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S,,  SR, 


Input's  asrglnal  rtvsnua  product  Is  declining^  r — * < 0 , 

*k 

as  is  typically  assuasd,  condition  (84)  lapllaa  that  tbs  salsa 


asxlalssr  hlras  aors  of  tha  k-th  Input  than  doss  the  profit  aaxlalzcr. 

Sines  at  optlaallty  the  aarglnal  physical  product  of  all 

Inputs  mat  be  positive,  l.s.  -Rp—  > 0 , dividing  each  side  of  (84) 

*k 

by  3q^/3x^  vlll  not  change  the  sense  of  the  Inequality.  Thus, 


'R  > ‘h  . 


or  > MR^  , 1 1 <■  i n 


(85) 


Unlike  the  profit  aaxlBlzer  who  equates  Marginal  revenue  and  aarglnsl 

cost,  the  sales  aaxlalzar  expands  production  beyond  this  point  so 
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that.  In  equlllbrluB,  aarginal  cost  exceeds  aarglnal  revenue.  In 
the  esse  of  one  output,  this  situation  Is  depicted  by  figure  11-14. 

In  view  of  the  results  Just  obtained.  It  would  appear 
reasonable  that  In  equlllbrlta  the  sales  aaxlalser  would  balance  the 
relative  contributions  to  revenue  and  to  profit  of  ea±  output,  each 
Input,  and  the  expenditure  on  edvartlslng  for  eadi  goitd.  This  Is 
easily  deaonstrated.  From  (75), 


^*1  . ^1  aF_v 


0 . 


(86) 


ar/3x 

Proa  (76),  — - 

J 

Into  (86)  gives 


and  s(d>stltutlng 


(87) 
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( 


( 


Next  considering  advertising,  from  (77) 

3R. 


3A, 


5S7 

5*7 


1 < i < n 


(91) 


- 1 


which  states  that  X2  e<iuals  the  marginal  revenue  yield  of  an  additional 
dollar  of  advertising  divided  by  the  marginal  profit  yield  of  an  addi- 
tional dollar  of  advertising.  Cond>lnlns  conditions  (88) , (90) , and 
(91)  leads  to  the  optimality  conditions  for  sales  maximization  stated 
by  Baumol:  the  sales  maxlnlzlng  firm  should  set  its  output,  input, 
and  advertising  levels  so  that  the  ratio  of  the  marginal  revenue  yield 

to  the  marginal  profit  yield  is  the  sane  for  all  outputs,  all  Inputs, 
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and  all  categories  of  advertising  expenditure. 

In  Baumol's  model  the  firm's  minimum  profit  constraint, 

ir  in  (73),  is  not  determined,  although  Baumol  does  suggest  its 
194 

origin.  Needham  and  J.H.  Vllliamson  have  shown  how  to  extend  the 
— 195 

model  so  that  ir  is  determined.  The  extension  requires  that  the 
firm's  objective  be  changed  from  single  period  sales  maximization  to 
the  maximization  of  the  present  value  of  the  stream  of  future  sales. 

Then,  as  Needham  demonstrates,  given  the  minimum  retention  ratio  per- 
mitted by  the  stock  market,  the  interdependence  of  the  different  sales 
and  profit  levels  over  time  guarantees  that,  once  the  firm  has  selected 

the  current  level  of  sales  that  maximizes  the  present  value  of  the  sales 

— 196 

stream,  its  current  minimum  profit  constraint  * is  determined. 

Baumol's  sales  maximization  model  implies  that,  ceteris 
paribus,  the  revenue  naxinising  firm  will  produce  more  output  and 
register  greater  total  revenue,  but  earn  smaller  profit,  than  a profit 


O 
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Mxlalsint  firm.  When  the  selea  aexlgiizer  Is  In  equlUbrlua,  msrglnal 
cost  will  exceed  marginal  revenue  (and  may  even  exceed  price  if  average 
total  cost  rises  sharply  enough)  and  the  marginal  cost  of  each  input 
will  exceed  its  marginal  revenue  product.  The  distinguishing  character^ 
istics  of  Baumol's  model  of  the  revenue  maximizing  firm  are  suamiarized 
in  table  11-12. 


Table  11-12  Summary  of  Baunol's  Sales 
Maximization  Model 


Class: 


managerial  (see  (73)  in  text) 


Firm's  Objective! 
Constraints! 


Variables: 
Exoaenous : 


Endoaenoua: 


Decision: 

Finance: 

Certaintv/Dneertainty : 

Eouilibrium/ 

Disequilibrium: 

Time: 

Type  of  Model: 
Solution  Technique: 


ouixlnlze  sales  revenue 

technological  constraint  (enbodied  in  the 
production  function),  minimum  profit  constraints, 
and  nonnegativity  constraints  on  the  decision 
variables;  Implicitly,  product  demand  conditions 
(as  ezfcodled  in  R^(q^,A^)) 

minimum  required  profit  level  (ir)  and  input 
prices  (rj);  the  profit  level  could  be  made 
endogenoum,  as  suggested  by  Needhsm  or  by 
J.H.  Williamson,  although  that  would  require 
that  some  stock  market-related  variable,  such 
as  a minlsium  retention  ratio,  be  determined 
exogenously 

output  levels  (qi) , input  levels  (xj) , 
advertising  levels  (A^) , total  revenue 
n 

( Z R.(q.,A  )),  and  total  profit 
1-1  ^ ^ 

output  levels  (q^) , input  levels  (x  ) , and 
advertising  levels  (A^)  ^ 

subsumed 

assumes  certainty 

characterisation  of  equilibrium  position  of 
the  firm 

single  period 

static  optimisation  (mathematical  programming 
problem) 

generalised  Lagrange  multipliers 
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Th«  Bauaol  sales  aaxlBlsatlon  aodal  has  been  criticiaed 

because  there  is  no  utility  trade  off  to  the  firm's  managers  between 

revenue  and  profit.  Up  to  the  constraint,  the  firm  maximizes  profit, 

but  once  the  constraint  has  been  satisfied,  the  firm  maximizes  sales. 

A second  criticism  of  Baumol's  model  is  that  it  assumes  certainty. 

Recently,  Yarrow  has  raformulated  Baumol's  sales  maximization  model 

to  Incorporate  uncertainty  and  has  found  that  the  introduction  of 

uncertainty  leads  to  predictions  different  from  Baumol's  regarding 

the  behavior  of  the  firm  in  response  to  various  external  stimuli, 

197 

such  as  a change  in  the  (luzip  sum)  profits  tax.  A third  criticism 

of  the  model  is  that  it  Ignores  growth.  Spending  excess  profit  on 

advertising  is  not  inconsistent  with  maximizing  the  firm's  growth,  and 

as  Baumol  later  argued,  there  is  much  evidence  that  corporate  managers 

198 

are  concerned  with  the  growth  of  the  firms  they  control.  The  next 

subsection  presents  Baumol's  growth  maximization  audel. 

b.  Baumol's  Growth  Maximization  Model 

Subsequent  to  the  development  of  his  single  period  sales 

maximization  model  that  was  Just  discussed,  Baumol  developed  a model 

in  which  the  objective  of  the  firm's  managers  is  to  maximize  the  rate 

199 

of  growth  of  aales,  rather  than  the  level  of  aales.  Unlike  hia 
single  period  model,  in  which  the  profit  constraint  appeared  to  be 
arbitrarily  imposed  from  outside  the  firm,  in  the  growth  maximization 
model  profit  becomes  a decision  variable  as  management  adjusts  the 
level  of  profit  according  to  the  firm's  need  for  internally  generated 
funds  with  which  to  finance  the  firm's  expansion.  Both  of  Baumol's 
models  have  a managerial  diaracter.  In  the  single  period  model  salas 
are  naximized  because  that  is  the  objective  of  the  firm's  managers. 
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Indeed,  the  objective  function  could  just  as  easily  have  been  formulated 

“ 201 
as  U(  E R. (q. tA,))  , where  U stands  for  managerial  utility. 

1-1  ^ ^ ^ 

Similarly,  In  presenting  his  growth  maximization  model,  Baumol  argued 

that  top  corporate  managers  maximize  the  rate  of  growth  of  sales, 
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rather  than  the  level  of  sales  or  some  other  quantity.  This  sub- 

203 

section  describes  Baumol's  growth  maximization  model. 


Define  the  following  variables: 

204 

g - the  firm's  annual  rate  of  growth  of  sales. 

I - the  annual  net  (of  dividends)  flow  of  money  capital 
Into  the  firm,  expressed  as  a percentage  of  the  firm's 
current  stock  of  fixed  assets  plus  Inventories,  that 
Is  Invested  In  fixed  assets  (l.e.  plant  and  equipment) 
and  In  Inventories  (to  support  the  growth  In  sales). 

IT  - total  annual  profit,  expressed  as  a percentage  of  the 

firm's  equity,  which  Is  the  sum  of  total  annual  dividends 
paid,  D , plus  total  annual  retained  earnings,  E , 
each  expressed  as  a percentage  of  the  firm's  equity. 

Thus,  TT  - D + E , which  Is  an  accounting  Identlty^®^ 
that  appears  as  a contralnt  In  the  model  below. 


The  flow  of  money  capital  Into  the  firm  Is  reflected  In 
the  liabilities  and  stockholders'  equity  side  of  the  firm's  balance 
sheet,  which  Is  Illustrated  above  In  table  II-l.  If  bonds  are  Issued 
or  If  money  Is  borrowed  from  banks  (or  from  other  sources)  via  the 
Issuance  of  notes,  then  liabilities  and  total  debt  both  Increase.  If 


shares  of  preferred  stock  are  Issued,  then  the  contributed  capital 
portion  of  stockholders'  equity,  and  In  addition  debt,  as  defined  In 
section  A,  both  Increase.  If  new  shares  of  common  stock  are  Issued, 
then  the  contributed  capital  portion  of  stockholders'  equity  and 
equity,  as  defined  In  section  A,  both  Increase.  The  amounts  of  money 
capital  raised  from  all  these  external  sources  are  combined  Into  the 
function  ^(ir,D)  , which  expresses  the  amount  of  money  capital  that 
can  be  raised  (annually)  from  external  sources  as  a function  of  the 


21t 


3 


J 


firm's  total  annual  profit,  ir  , and  total  annual  dividends  paid,  D , 

^ each  expressed  as  the  appropriate  percentage  Indicated  above.  Implicitly, 

Baumol  assumes  this  fimctlonal  relationship  to  be  time  Invariant.  That 
Is,  both  debt  financing  and  external  equity  financing  are  permitted, 
althou^  no  distinction  Is  made  between  them  In  the  model.  In  addition, 
a third  source  — an  Internal  source  -*  of  money  capital  is  total  retained 
earnings.  Adding  the  amount  of  sioney  capital  generated  Internally, 

E , to  the  aanunts  raised  externally  (In  each  case,  expressed  as  the 
appropriate  percentage  Indicated  above)  gives  an  expression  for  the 
total  amount  of  money  capital  raised  annually,  I ~ 0(Tr,D)  + E , 
which  appears  as  a constraint  In  the  model  below. 

It  follows  from  the  basic  accounting  Identity  between 
total  assets  snd  the  sum  of  total  liabilities  and  total  stockholders' 

^ equity  that  any  change  In  liabilities  plus  stockholders'  equity  must 

be  reflected  In  an  equal  (In  magnitude)  change  In  total  assets. 

According  to  the  above  definition  of  I , the  Increase  In  money  capital 
Is  used  by  the  firm  to  purchase  additional  plant  and  equipment  and  to 
build  up  Inventories.  This  use  of  money  capital  Is  what  Is  Implied 
when  I Is  Included  as  an  arguaient  of  the  growth  rate  function 
g(I,Tr)  In  the  model  below.  Given  the  above  definitions  and  relation- 
ships, Baumol 's  growth  maximisation  model  Is  formulated  as  the 
following  mathematical  prograamlng  problem. 

maximise:  g ■ g(I>ir) 

(92) 

subject  to:  I ■ ^(ir,D)  -f  E 

ff  • D + B 

C> 
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The  objective  function  expresses  the  firm's  growth  rate 

as  s function  of  Its  Investment  rate,  1 , and  Its  profit  rate,  tt  . 

It  is  assumed  that  3g/3I  > 0 and  that  beyond  some  point  3g/3‘iT  < 0 

(though,  as  In  the  Harris  model  discussed  below,  growth  and  profit 

may  be  directly  related  for  low  levels  of  profit  and  low  growth  rates) . 

The  first  constraint  In  (92)  shows  that  a higher  profit 

rate  Influences  the  amount  of  funds  available  for  Investment  In  two 

ways:  directly  throu^  retained  earnings  and  Indirectly  through  the 

impact  of  the  profit  rate  and  the  profits  distributed  as  dividends 

on  the  firm's  ability  to  raise  funds  externally.  The  second  constraint 

In  (92)  Is  merely  an  accounting  Identity. 

The  relationship  between  ir  and  g may  be  explained  in 
208 

the  following  manner.  The  present  value,  R , of  the  stream  of 
future  sales  Is 

R - / S e*^  e"®^  dt  - / S dt  - , (93) 

0 0 ®-* 

where  S Is  the  Initial  level  of  sales  and  s Is  management's  subjec- 
tive time  rate  of  discount  of  sales,  which  reflects  the  value  of  a 

, 209 

dollar  In  sales  today  relative  to  a dollar  in  sales  a year  from  now. 

c 

From  (93) , y > 0 , so  that  the  present  value  of  future  sales 

(s-g)^ 

Is  a strictly  Increasing  function  of  g . On  the  cost  side,  let  C(g) 

represent  the  present  value  of  all  expected  future  costs  as  a function 

, ..  210 
of  the  growth  rate. 

As  the  firm  grows,  it  must  expand  Its  management  team. 
Increasing  the  rate  at  idilch  new  people  are  brought  Into  the  organization 
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can  lead  to  Internal  Inefficiencies , and  as  a consequence,  to  higher 

costs.  If  the  rate  of  expansion  becomes  so  rapid  that  the  new  people 

cannot  be  properly  Indoctrinated  as  to  the  ways  of  the  organization 
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prior  to  assuming  positions  of  responsibility.  If  these  costs  of 
growth  Increase  at  an  Increasing  rate  as  the  firm's  rate  of  growth 
Increases,  then  C'(g)  > 0 and  C"(g)  > 0 , and  eventually,  the 
Increasing  cost  of  expansion  will  catch  up  with  the  Increasing  revenue 
derived  from  expansion. 

The  curves  R(g}  and  C(g)  are  shown  In  figure  11-16 
where  S and  s have  been  held  fixed  so  Chat  R Is  a function  of 
g only.  The  vertical  distance  between  the  curves  defines  the  growth- 
profit  function,  n(g)  - R(g)  - C(g) . Up  to  g^  , n(g)  Is  an  Increasing 
function  of  g , and  beyond  g , ir(g)  decreases  as  the  growth  rate 

ID 

Increases.  At  hi^er  growth  rates  profits  compete  with  sales  as  the 
lower  prices  and  higher  advertising  outlays  needed  to  promote  the 
rapid  growth  of  sales  cut  Into  the  firm's  total  profit.  The  profit 
maximizing  firm  would  select  growth  rate  g^  at  which 

Tr'(g^)  - R'(g^)  - C'(g^)  - 0 or  R'(g_)  - C'(g^)  . (94) 

Equation  (94)  is  tha  familiar  marginal  ravanue  equals  marginal  cost 

condition  for  profit  maximization,  but  with  marginal  revanua  and 

marginal  cost  axpressed  aa  functions  of  tha  growth  rata,  rachar  than 
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as  functions  of  output  aa  is  usually  tha  casa. 


present 
value  of 
future 
revenues 
and 

future 

costs 


Figure  11-16:  Revenue  froa  Expansion  and  the  Cost 

of  Expansion  in  the  Bauawl  Growth  Model 

Bauaol's  growth  Mxiaisetlon  aodel  (92)  is  a steady  state 

growth  aodel.  In  ataady  state  in  the  Bauaol  growth  aaxiaisation  model , 

total  profit,  total  sales,  fixed  assets,  and  all  other  quantities 
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grow  at  a constant  rats.  In  addition,  total  annual  profit,  , 
total  annual  divldands  paid,  D , and  tqtal  annual  retained  earnings, 

E , each  raaMins  fixed  as  a percentage  of  the  fira's  equity,  implying 
that  total  annual  profit,  total  annual  divldands  paid,  total  annual 
retained  earnings,  and  tha  firn's  equity  all  grow  at  tha  saae  constant 
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r«t«.  Vlhil*  It  la  not  required.  In  general,  that  these  variables  grow 

at  the  saae  rate  as  sales  or  as  money  capital.  It  can  be  shown  chat.  If 

Che  firm  produces  a single  good.  If  the  firm's  production  function  Is 

linearly  homogeneous.  If  Input  prices  and  the  price  of  output  are  fixed 

(l.e.  the  product  market  and  factor  markets  are  all  perfectly  coiq>etl- 

Clve) , and  If  the  amount  of  money  capital  raised  externally  grerafs  at 

the  same  rate  as  the  amount  generated  internally  (l.e.  retained 

earnings) , then  sales  and  total  money  capital  will,  tdien  the  firm  Is 

in  equilibrium,  grow  at  the  same  constant  rate  as  total  annual  profit, 
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total  annual  dividends  paid,  etc. 

Having  dlsctissed  several  features  of  Baumol's  growth  maxi- 
mization model,  the  remainder  of  this  subsection  proceeds  %rlth  an 
analysis  of  It.  Baumol's  isodel  of  the  (sales)  growth  maximizer  (92) 
can  be  simplified  through  the  Introduction  of  ti\e  retention  ratio,  r , 

which  will,  given  the  constancy  of  ir  , D , and  E , remain  constant 
215 

In  steady  state.  Since  D * (1  - r)ir  and  E * rir  , It  follows 
that  Che  model  can  be  reformulated  as  the  unconstrained  mathematical 


programming  problem: 


maximize!  g ■ g[^(ir,(l  - r)7r)  rir  , it]  . 
{iT,r} 


Applying  the  chain  rule  and  the  fact  that  ~ ^ fint  order 

conditions  for  an  optimal  solution  to  (95)  are  found  to  bet 


^ . ilrli  ^ (i_*)  ^ r]  4.  • 

3it  an  ^ ^ a* 


If  ■ If <-»>  + *i  - » 


By  rearranging  Caraa  in  (96)  and  by  appaaling  to  the  inplicit  function 


thaorcB  to  write 


^ t provided  3g/3I  ^ 0 , it  follows 

dIT 


that  (96)  is  equivalent  to 


»•> 

which  is  the  partial  darivative  with  respect  to  ir  of  the  first 
constraint  in  (92) , and  hence,  whidi  is  always  satisfied  as  long  as 
all  the  partial  derivatives  exist. 

Pros  (97)  any  one  of  three  possibilities  may  hold: 

^■0,  1^-1,  or  ir-0.  If  3g/31  • 0 , then  from  (96) , 

3g/3‘rr  ~ 0 as  well,  and  the  firm  has  been  able  to  generate  enough 
finance  so  that  the  growth  rate  is  an  unconatralned  maximum.  If  the 
firm  is  always  able  to  use  additional  finance  profitably,  then 
3g/3l  > 0 , and  this  possibility  can  be  ruled  out. 

If  H - 1 . then  (98)  simpUfles  to  1 • The 

economic  interpretation  of  the  former  is  that  at  optimality  the  outflow 
of  an  additional  dollar  of  dividends  is  Just  sufficient  to  enable  the 
firm  to  raise  an  additional  dollar  of  funds  from  external  sources,  so 
that  increasing  dividends  will  not  altar  the  net  inflow  of  funds. 

Tha  firm  is  unabla  to  increase  its  rate  of  growth  of  sales  due  to 
financial  restrictions. 

If  ir  > 0 , then  there  are  no  internally  generatad  funds 
to  spend  for  investment  purposes  or  to  distribute  as  dividends. 
Presumably,  aero  profit  could  not  persist,  unless  there  were  Investors 
who  were  willing  to  sacrifice  all  profit  (and  therefore  all  dividends) 
for  growtii.  It  might  be  conjectured  that  the  nature  of  ^ would  cause 
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" 1 Co  occur  before  ir  ■ 0 . If  eo,  Chen  chis  chlrd  posslbllicy 
can  also  be  ruled  ouc. 

Thus , Che  fire  finds  iCs  growch  race  of  sales  consCralned 
by  financial  resCrlcClons . By  pushing  for  growch,  Ic  reduces  ics 
proflcablllcy  and  ics  ablllcy  Co  pay  dividends  co  Che  polnC  where 
addlclonal  dividends  will  noC  cell  forCh  sufflclenc  addlclonal  exCemal 
finance  Co  peralc  furcher  expansion. 

By  way  of  susaury,  Che  dlsClnguLshlng  feaCures  of  Che 
Bauaol  growCh  aaxlalzaclon  nodal  are  suanarlzed  In  cable  11-13. 


Table  11-13  Suamary  of  Baumol's  Growch 
HaxlalzaClon  Model 


Class; 

Flm*s  Oblecclve; 
Conscralncs; 


Variables; 
Endogenous ; 


Decision; 

Finance; 

Cercalncy/Uncercalncy ; 

Equlllbrlun/ 

DlseaulUbrlun; 

Tine; 

Type  of  Model; 

Soluclon  Technique; 


nanagerlal  (see  (95)  In  cexc) 

naxlnlze  Che  race  of  growch  of  sales 

financial  consCralnC  (eabodled  In  Che  funcclon 
^);  InpUclCly,  produce  denand  and  facCor 
supply  condlClons  and,  also  InpllclCly,  Che 
ce^nologlcal  consCralnC  eabodled  In  ics 
producclon  funcclon  (see  fooCnoCe  214) 


proflc  (x) , dividends  paid  (D) , and  reCained 
earnings  (E) , each  as  a percencage  of  CoCal 
equlcy;  recenclon  raClo  (r) ; and  growch  race 
of  sales  (g) 

proflc  as  a percencage  of  CoCal  equlcy  (ir) 
and  recencion  redo  (r) 

boch  debC  financing  and  excemal  equlcy 
flnenclng  pemlcced  (In  eddlclon  Co  InCemally 
genereCed  funds,  l.e.  recalned  earnings) 

assunes  cercalnCy 

characCerlsaClon  of  Che  equlllbrlun  sCeady 
scace  growtii  path  of  Che  flm 

Bultlperlod 

Stacie  opclnliaclon  (nachenaclcal  progranadng 
problen) 

uneonscralned  opclnlsaclon 
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2.  The  Harris  Hodal 


Racognlzlng  first,  the  considerable  exercise  of  asnagerisl 

discretion  that  is  iaplied  by  the  sspsration  of  ownership  from  control 

in  the  modem  corporation,  and  second,  the  consequent  implied  pursuit 

of  growth-promoting  policies  by  corporate  managers,  Robin  Harris  has 
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developed  a managerial  model  of  the  firm  in  which  managers  seek  to 

maximize  their  own  utility,  whldi  is  a function  of  (1)  the  rate  of 

growth  of  the  firm's  productive  assets  and  (ii)  security  against 
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takeover.  This  subsection  describes  the  two  basic  formulations  of 
the  Harris  model  and  explores  the  Important  economic  implications  of 
each. 

In  Harris's  view  modem  corporate  managers  are  primarily 

interested  In  the  growth  of  their  firms  because  of  the  strong  positive 

correlation  between  size  and  exacutivm  salaries  and  because  growth 

adds  to  their  prestige  and  creates  opportunities  for  promotion.  But 

if  the  firm  strives  all  out  for  growth,  ignoring  its  profitability  and 

permitting  the  market  valuation  of  its  shares  to  fall,  it  runs  the  risk 
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of  a takeover  bid.  There  does  exist  some  empirical  evidence  to 

support  Harris's  view  that  managensnt  can  becoma  so  preoccupied  with 

growth  that  profits  suffer,  the  share  value  falls,  and  the  disgruntled 

shareholders  sell  out  their  shares  to  a takeover  raider,  or  worse  yet, 
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the  firm  goes  bankrupt.  In  Harris's  view,  corporate  managers  who 
value  their  own  security  will  saxisiBa  growth,  but  siibject  to  a 
valuation  constraint. 

In  developing  a growth  maximization  mods',  of  the  Harris  type 
there  are  at  least  two  ways  to  proceed  with  the  process  of  model 
foreuletioo.  One  approech  is  to  specify  a managerial  utility  function 


U - U(g,v) 


f 


(99) 


where  g le  the  rate  of  growth  of  the  fina's  productive  assets  and 

V Is  the  valuation  ratio,  which  Harris  defines  as  the  ratio  of  the 

stock  market  value  of  the  firm's  equity  capital  to  the  book  value  of 
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Its  net  assets.  The  valuation  ratio  serves  as  the  measure  of 
security;  as  It  falls  the  probability  of  takeover  Increases.  Having 
specified  the  utility  function,  the  next  step  Is  to  find  what  Harris 
calls  the  'growth-valuation  function' 

V • v(g)  , (100) 

whldi  gives  the  valuation  ratio  corresponding  to  each  (feasible) 

growth  rate  g . The  problem  facing  the  firm  Is  to  maximize  (99) 

s(d>ject  to  (100).  This  represents  Harris's  latest  specification  of 
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his  model. 
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The  second  approach  — the  first  one  adopted  by  Harris  — 

Is  to  proceed  via  the  Important  economic  relationships  that  underlie 
(100)  and  to  spsclfy  the  security  constraint  In  terms  of  market-imposed 
constraints  on  the  firm's  sslsctlon  of  valuss  for  key  financial  policy 
varlshles.  Then  the  problem  confronting  the  firm  Is  to  maximize  g 
subject  to  these  constraints.  To  distinguish  the  two  formulations  of 
the  Harris  modal,  the  Initial  formulation  will  be  referred  to  as  the 
'growth  maxlnlsetloo'  formulation  and  the  recent  formuletlon  will  be 
referred  to  as  the  'managerial  utility  maximisation'  formulation. 

Depending  on  dte  shape  of  U - whether  there  Is  a continual 
trads  off  between  g and  v along  smooth  managerial  Indifference  curves. 
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or  els*  e cleerly  specified  adnlaua  permlsslbl*  veluatlon  retlo  v* 

and  s lexlcogrephlc  ordering  of  objectives  such  that  first  v*  Is 
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attained  and  thereafter  g Is  uxlailsed  — the  two  approaches  can 
yield  Identical  solutions.  The  discussion  of  the  Harris  nodal  begins 
with  the  Initial  fomulatlon  and  then  proceeds  to  the  second  fomulatlon 
and  exanlnes  the  relationship  between  the  two. 
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s.  Initial  Fomulatlon  of  the  Karris  Model:  Growth  Maxlnlsatlon 

The  objective  of  the  flm  Is  to  select  the  naxlnun  rate  of 

growth  of  productive  assets  consistent  with  the  continued  financial 

security  of  the  flm.  In  the  model  the  flra  Is  required  to  grow  In 
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steady  state;  that  Is,  the  nodel  abstracts  fron  the  possibilities 

that  the  growth  rate  night  vary  with  the  size  of  the  flm,  as  has  been 
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suggested  by  Penrose,  or  that  a particular  policy  night  promise 

rapid  growth  after  a few  period*  of  relatively  slow  growth  or  vice 
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wna.  In  tha  aodal  steady  state  growA  req\ilres  that  growth  be 
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balanced  In  the  sens*  that  the  rate  of  growth  of  productive  assets, 

C , nust  equal  the  growth  rat*  of  demand,  D , or  In  equation  fom. 


When  growth  Is  balanced  and  (101)  la  satisfied.  It  1*  possible  to 
speak  of  *tha'  growth  rata  of  the  flm,  and  this  balanced  growth  rata 
will  be  denoted  hamaftar  by  g . 

The  growth  of  danand  mflects  not  only  Increased  sales  In 
existing  product  Unas,  but  also  sales  msultlng  fron  diversification, 
l.a.  fron  the  davalopnsnt  of  new  products.  Diversification  plays  a 
crucial  role  In  the  growth  of  demand  bacause  of  the  tendency  for  salas 
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The  rate 
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of  a product  to  fall  off  as  tha  aarfcat  bacoaM  aaturated. 

a 

of  growth  of  daaand,  D , dapanda  largely,  than,  on  tha  rata  at  which 
new  products  arc  added  to  the  fira'a  catalogue.  But  the  rate  at  which 
new  products  are  added  depends  not  only  on  the  rate  at  which  new  prod- 
ucts are  tried,  but  also  on  the  proportion  of  successes,  for  not  all 

230 

new  products  will  prove  to  be  profitable.  By  Increasing  Its  spending 

on  aarket  research,  product  developaent,  and  advertising,  the  flea 

can  Increase  the  proportion  of  successes,  thou^  at  the  cost  of  a 

reduced  profit  aargln.  Denoting  by  d the  diversification  rate,  l.e. 

the  ratio  of  atteapted  new  products  to  existing  products,  and  by  a 

the  profit  aargln,  l.e.  the  ratio  of  net  operating  Incoae  to  total 
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sales,  the  rate  of  growth  of  deaanc  'u  be  expressed  as  a function  of 
a and  d , called  the  ' deaand-growth ' function, 

D - D(a,d)  , (102) 

tiherc  it/dm  < 0 and  it/id  > 0 . Several  deaand-growth  curves  are 
shown  In  figure  11-17,  where  each  deaand-growth  curve  expresses  the 
relationship  between  D and  d for  a different  (given)  profit  aargln 
a^  . A higher  valua  for  a^  leads  to  a lower  deaand-growth  curve 
since  3D/3a  < 0 . For  any  given  valua  of  a^  tha  daaand-growth 
curve  la  upward>sloplng  since  9D/3d  > 0 , but  rises  at  a decreasing 
rate  due  to  the  assunptlon  of  dlalnlshlng  returns. 

Slallarly,  tha  growth  rate  of  productive  assets  on  tha 
left-hand  side  of  equation  (101)  la  dependant  on  tha  flm's  profit  rate, 
which  In  turn  la  a function  of  tha  profit  aargln  and  tha  rate  of 
diversification.  The  growth  rata  of  productive  assets  la  equal  to 
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the  ratio  of  tiie  supplies  of  new  finance  (both  from  retained  earnings 

snd  froa  external  sources  sudi  as  the  sale  of  bonds)  available  for 

that  purpose  each  period  to  the  stock  of  productive  sssets  at  the 

beginning  of  the  period.  Assuming  no  new  stock  Issues,  a constant 

leverage  ratio  (the  ratio  of  debt  to  equity),  and  a constant  retention 

ratio  (the  ratio  of  retained  earnings  to  net  Income) , the  growth 

rate  of  productive  assets  will  be  a constant  proportion,  a , of  the 
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profit  rate  (the  ratio  of  net  Income  to  total  assets) , p : 


C - a • p . (103) 

A M « 

Equation  (103)  defines  the  'supply-of- finance*  function.  Due  to 
the  desires  of  corporate  managers  for  financial  security,  the  Ktentlon 
ratio  (and  In  an  uncertain  world  where  markets  are  incomplete,  the 
leverage  ratio)  will  be  constrained,  so  that  a cannot  exceed  some 
upper  limit  a*  Imposed  by  the  financial  mazketa: 

a < a*  . (104) 


The  firm's  rate  of  profit,  p In  aqtiatlon  (103),  is  a 
ftaictlon  of  thm  profit  margin  and  the  rats  of  diversification,  called 
the  'profit-rate*  function. 


p - p(m,d)  , 


(105) 


where  3p/3m  > 0 and  3p/dd  > 0 ovmr  low  rates  of  diversification 
and  3p/3d  < 0 over  hlgk  ratas  of  dl versification.  For  a given 


> ® 230 


A 


diversification  rate,  a hlgjtar  profit  aargln  laplles  a hl^er  profit 
rate.  For  a given  profit  margin,  a higher  rate  of  diversification 
at  first  leads  to  a hl^er  profit  rate  as  the  firm's  productive 
resources  are  shifted  from  less  successful  to  more  successful  products 
and  the  firm's  overall  efficiency  of  capital  utilization  Improves. 
Increasing  the  diversification  rate,  however,  requires  that  the  manage- 
ment team  grow  more  rapidly,  which  will  eventually  lead  to  Internal 

Inefficiencies,  a less  efficient  utilization  of  the  firm's  capital, 
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and  a falling  profit  rate. 

If  the  firm  has  selected  the  mazlmum  permissible  value  for 
a , a ~ a*  — Its  reason  for  making  such  a choice  Is  discussed  below  — 
then  the  supply-of-flnance  function  is  of  the  form 

C - a*  • p(m,d)  ,/  (106) 

/ 

/ 

Several  such  supply-of-flnance  curves  are  drawn  In  figure  11-17, 
where  each  supply-of-flnance  curve  expreases  the  relationship  between 
g and  d for  a different  (given)  profit  margin  m^  . 

Since  the  supply-of-flnance  function  la  a constant  multiple 
a*  of  the  proflt-rata  function,  for  eadi  profit  margin  m^  the  rate 
of  growth  of  the  supply  of  finance  Incraasaa  where  3p/dd  > 0 and 
dacreasea  where  3p/3d  < 0 . Since  3p/3m  > 0 , a hl^er  profit 
margin  leads  to  a hl|^er  supply-of-flnance  curve. 
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Figure  11-17:  Demand-Growth  and  the  Supply-of-Finance 
in  the  Harris  Model 

Collecting  equations  (101) , (102) , (103) , and  (105) , and 
the  security  constraint  (104) , the  Harris  model  can  be  suomarlzed  as 
follows: 


e » 

C - D 

(balancsd-growth  condition) 

(101) 

D ■ D(n,d) 

(demand-growth  function) 

(102) 

C ■ a • p 

(supply-of-flnance  function) 

(103) 

a ^ a* 

(security  constraint) 

(104) 

p - p(m,d) 

(profit-rate  function) 

(105) 

where  C,D,m,  d,  a,  p,  and  a*  are  as  defined  above.  For 
each  value  of  a that  satisfies  (104),  the  four  equations  (101),  (102), 
(103),  snd  (105)  dsfine  a balanced-growth  curve  like  the  one  shown  as 
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a dashed  curve  in  figure  11-17.  The  balanced  growth  curve  shows  the 

• e 

relationship  between  Che  balanced  growth  rate  g > C > D and  Che 
diversification  rate  d . It  is  found  by  varying  the  profit  margin 
m , and  for  each  value  of  m , locating  the  point  of  intersection  of 

• e • • 

C and  D . In  figure  11-17  the  points  A , at  which  and 

• • 

intersect,  B , at  which  C2  and  D2  intersect,  and  C , at  which 
and  Intersect,  lie  on  the  balanced-growth  curve.  Note  that 

as  a increases  the  family  of  supply-of-flnance  curves  will  rise, 
thereby  increasing  the  ordinate  of  each  point  on  the  balanced-growth 
curve.  Since  the  firm's  objective  is  to  maximize  its  growth  rate,  it 
will  select  a * a*  in  order  to  readi  the  hipest  permissible 
balanced-grcwth  curve.  Maximizing  its  growth  rate  along  that  curve 
leads  Che  firm  to  select  the  equilibrium  diversification  rate  d*  in 
figure  11-17.  In  multiperiod  equilibrium  the  firm  grows  in  steady 
state  at  rate  g*  , diversifies  at  the  equilibrium  rate  d*  , and 
earns  an  equilibrium  profit  margin  m*  which  satisfies  the  equation 
g*  • D(m*,d*)  ■ a*  * p(a^,d*)  . 

The  characteristics  of  the  initial  formulation  of  the 
Harris  model  his  growth  aiaximizaclon  model  — are  summarized  in 
t^le  11-14. 


( 


f 


Table  11-14  Suamary  of  Marrla'a  Growth 
Maximization  Model 


Claaa: 

Firm'a  Oblective; 


Conatrainta ; 


managerial  (see  (lOl)-(lOS)  in  text) 

maximize  rate  of  growth  of  productive  assets 
^which  is  also  the  rate  at  which  all  other 
quantities  in  the  model  grow) 

demand-growth  function,  supply-of-flnance 
function,  security  constraint,  and  prof it- rate 
function,  whldi  collectively  subsume  single 
period  and  multiperiod  product  demand,  factor 
supply,  tedinologlcal,  and  financial  constraints; 
also,  the  leverage  ratio  and  the  retention  ratio 
are  required  to  be  constant  (both  are  subsumed 
in  a) 


Variables; 
Exogenous ; 
Endogenous ; 

Decision; 

Finance: 


maximum  quasi-retention  ratio  (a*) 

balanced  growth  rate  (C  - D <■  g)  , profit  rate 
(p) , profit  margin  (m) , diversification  rate 
(d) , and  quaal-retantion  ratio  (a) 

profit  margin  (m) , diversification  rate  (d) , 
and  qtMsi- retention  ratio  (a) 

the  only  external  source  of  finance  permitted 
is  debt  issuance 


Certainty /Uncertainty ; assumes  certainty 


Equilibrium/ 

Disequilibrium; 

Time; 

Type  of  Model; 
Solution  Technique; 


characterization  of  the  equilibrium  steady 
state  growth  path  of  the  firm 

multiperiod 

static  optimization  (set  of  simultaneous 
equations) 

graphical  (see  figure  11-17) 


b.  Recent  Formulation  of  the  Marrls  Model:  Managerial 
Utility  Maxlmizatloo^^ 

In  the  initial  formulation  of  the  Marrls  model  the  con- 
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stant  a*  is  exogenous.  If  there  is  no  debt,  so  that  a ••  r , 
then  in  the  initial  formulation  the  atock  market  places  a direct 
restriction  on  r . Greater  insist  is  achieved  if  the  restriction 
on  r ia  linked  to  the  stock  market  value  of  the  firm'a  shares , for 


234 


It  is  a low  share  value  that  presents  a threat  to  managament  by  Increas- 
ing the  likelihood  of  a takeover  bid  and  prevents  management  from 
increasing  r all  the  way  up  to  one.  In  the  more  recent  formulation 
of  his  model,  Harris  formulates  the  constraint  In  terms  of  the  firm's 
valuation  ratio.  In  The  Economic  Thcoxy  0(J  ’UanageAial*  CapiXaLc&m 

Harris  suggests  a way  of  proceeding  from  his  Initial  formulation  to 

239 

his  recent  formulation. 

Given  a retention  ratio  r , equations  (101) , (102) , 

(103),  and  (105)  can  be  solved  to  find  a maximum  balanced  growth  rate 

g^  , where  the  subscript  r indicates  the  growth  rate's  dependence 

on  r . For  each  new  value  of  r the  process  can  be  repeated,  yielding 
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a value  for  g and  associated  values  for  p_  » m , and  d . 

r r r r 

With  each  value  of  r Is  associated  the  ordered  pair  (g^<p^) . Since 
dg^/dr  > 0 , It  Is  possible  to  associate  a single  value  of  p^  with 
each  value  of  g^  , and  these  ordered  pairs  define  a function,  which 
Harris  calls  the  'growth-profitability'  function, 

P - p(g)  , (107) 


where  p'(g)  may  be  positive  for  low  growth  rates  but  must  eventually 
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become  negative. 

To  obtain  the  'growth-valuation'  function,  which  expresses 
the  valuation  ratio  as  a function  of  the  steady-state  growth  rate,  an 
expression  for  the  stock  market  value  of  the  firm's  shares  Is  needed. 
Given  the  profit  rate,  p , the  retention  ratio,  r , the  current 
book  value  of  total  assets,  K , a constant  continuous  rate  of  discount, 
1 , and  the  steady-state  growth  rats,  g , the  market  value  of  the 
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fin's  shares,  V , Is  equal  to 


242 

V . £il.  r r>K 

1 - g 


(108) 


and  Che  valuation  ratio,  v , Is  given  by 


V 


1 ..  jjiLzJl 

K 1 - g • 


(109) 


7ro«  (107)  p - p(g)  end  froa  (103)  g - rp  , so  that  (109)  can  be 
reexpressed  In  tern  of  g end  1 only: 


V . 2--.n>  . - 8 

1 - g 1 - g • 


(110) 
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where  g < p(g)  end  g < 1 . Equation  (110)  defines  the  'growth- 
vslustlon*  function.'  Note  thst  If  v < 1 , then  the  market  value  of 
Che  fin's  sharss  Is  less  Chan  the  book  value  of  the  fin's  assets. 

If  Che  book  value  closely  spproxlaates  the  market  value  of  the  fin's 
Msets,  Chen  v < 1 would  be  likely  to  encourage  a takeover  bid. 

For  this  reason,  Harris  argues  that  the  firm  will  maintain  v ^ 1 , 
which  Implies  from  (110)  chat  p 1 

In  cha  more  recent  formulation  of  the  Harris  model,  the 
model  of  Che  fin  Is  exprssssd  as  the  following  mathematical  prograsmlng 
problem: 

D 

maximize:  0(g,v) 

(•>  (111) 
std>Jeet  to:  v - v(g)  - D(g)  • Y(g)  , 
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vh«r«  v(g)  defined  by  (110)  has  been  written  as  the  product  of  two 
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functions,  D(g)  ■ p(g)  - g and  Y(g)  ■ ^ ^ . The  function 

D(g)  • which  Narrla  calls  the  'general  dividend  function',  expresses 

2 A6 

the  dividend  yield  as  a percentage  of  the  f Ira's  productive  assets, 

and  If  p'(g)  <0  for  all  g , then  D'(g)  ■ p'(g)  - 1 < 0 , so  that 

the  general  dividend  yield  la  a declining  function  of  the  flra's 

growth  rate.  The  function  Y(g)  , which  Harris  calls  the  'present- 

value'  function,  la  the  reciprocal  of  the  dividend  yield  (on  the 
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share  price).  For  1 constant,  Y'(g)  > 0 . 

The  necessary  conditions  for  an  optimal  solution  to  problem 
(111)  can  be  used  to  characterize  the  equlUbrlua  steady  state  growth 
path  of  the  firm,  and  In  particular,  to  deteralne  the  equlUbrlua 
growth  rate  g*  and  the  corresponding  equlUbrlua  valuation  ratio 
V*  . For  comparative  purposes,  note  that,  under  the  traditional 
criterion,  the  flra  would  select  g so  as  to  aaxlalze  the  valuation 
ratio.  Differentiating  v(g)  with  respect  to  g , setting  the 
derivative  equal  to  zero,  and  rearranging  terns  yields  the  necessary 
condition  for  optimum  v : 


(112) 


which  requires  that,  for  the  value-SMxlnlzlng  flra  to  be  In  equlUbrlua, 


the  firm  must  select  g such  thet  the  percentage  d<><*rease  In  the 
general  dividend  yield  la  equal  (nuaerlcally)  at  the  margin  to  the 


i 


A growth-valuation  curva  la  shown  in  figure  11-18,  and 

the  optiaua  valuation  ratio  is  shown  as  v Following  Harris,  the 

growth-valuation  curve  is  drawn  with  die  portion  of  the  curve  corres- 
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ponding  to  low  growth  rates  upward-sloping.  For  low  rates  of  growth 
an  increase  in  the  growth  rate  inplies  a hi^er  valuation  ratio.  Note 

that  in  thia  caaa  the  value  naxialBer  will  grow,  i.e.  g^  > 0 . 

^nax 

This  result  depends,  of  course,  on  the  shape  of  v(g)  , for  if 
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v'(g)  < 0 for  all  g , then  v_^^  occurs  where  g ■ 0 . 


Figure  11-18:  Optiwai  for  a Value  Maxinlser 
and  for  a Growth  Maxialsar 
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For  managerial  utility  maxlmlzera 


the  optimum  value  of 


g satlafles  the  necesaary  condition 


[D'(g)Y(g)  + D(g)Y’(g)]  - 0 


which  nay  be  rewritten  as 


3U/3v 


D’(g)Y(g)  + D(g)Y’(g) 


The  expreaalon  on  the  left  la  Interpreted  aa  the  managera'  marginal 


rate  of  aubatltutlon  between  growth  and  aecurlty,  and  the  expreaalon 


on  the  right  la  Interpreted  aa  the  marginal  coat  of  additional  growth 


In  terma  of  atock  market  valuation,  and  when  the  managerial  utility 


maximizing  firm  la  growing  along  Ita  equilibrium  ateady  atate  growth 


path,  theae  two  quantltlea  muat  be  equal.  In  terma  of  figure  11-18 


condition  (114)  requlrea  that,  at  the  point  of  optimality,  the  alope 


of  the  managerial  Indlfferenca  curve  equal  the  alope  of  the  growth' 


valuation  curve,  i.e.  the  familiar  tangency  condition  neceaaary  for 


utility  maximization 


From  equation  (113)  It  la  eaally  aeen  that  the  value  maxi' 
nlzer  and  tha  managerial  utility  maximizer  will  grow  at  the  aame  rate 
and  achieve  the  aaate  valuation  ratio  only  If  3U/3g  ■ 0 , that  la. 


only  If  the  managerial  indifference  curvea  becoma  horizontal  ao  that 


Thla  would  Imply  that 


the  point  of  tangency  occura  where  v ■ v 


beyond  aome  point  faatar  growth  brlnga  no  additional  utility.  If 


managera'  daalrea  for  growth  are  never  aatlated,  ao  that  tha  Indiffer- 
ence curvea  are  alwaya  downward-a loping,  than  v*  < . Ceteris 

parlbua,  a managarial  utility  maxlnlaer  of  the  Marrla  type  (a  'growth 
maxlmlser')  growa  faatar,  but  haa  a amallar  valuation  ratio,  than  a 


value  ■axlalcar.  Since  p'(g)  < 0 , the  growth  MxialBcr  alao  hea 

a lower  profit  rata,  and  alnca  r > g/p  , It  alao  ratalna  a larger 
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proportion  of  total  profit  than  a value  naxlalBar. 

To  auaBarlza  the  dlacuaaion  up  to  thla  point,  the  dlatin- 
gulahlng  featuraa  of  Harrla'a  wodal  of  the  aanagarlal  utility 
naxlaizar  are  Hated  In  table  II-IS. 


Table  11-15  Suaaary  of  Harrla'a  Hanagarlal 
Utility  Kaxlalaatlon  Hodal 

Claaa;  aanagarlal  (aaa  (111)  In  text) 

Flra'a  Obiactlva;  aaxlalxa  aanagarlal  utility  axpraaaad  aa  a 

function  of  the  flra'a  growth  rata  and 
valuation  ratio 


Conatralnta; 


I 

Varlablaa! 

Endoxanoua  t 
Dacia Ion; 

Finance; 

Cartalnty/Dncartalnty ; 

Equlllbrlua/ 

Dlaaaulllbrlua; 

Tlaat 

Type  of  Modal; 

I f 

I Solution  Technique; 


growth-valuation  function;  lapllcltly,  alngla 
period  product  daaand  and  factor  aupply 
condltlona  and  condltlona  reatrlctlng  tha 
potency  of  the  flra'a  'growth-proaotlng' 
axpendlturea,  and  lapllcltly,  the  technological 
conatralnt  eabodled  In  the  flra'a  production 
function 


growth  rate  (g)  and  valuation  ratio  (v) 
growth  rate  (g) 

reatrlctlon  to  Internal  financing 
aaauaes  certainty 


characterlaatlon  of  the  equlllbrlua  ateady 
atate  growth  path  of  the  flra 

aultlperlod 

atatlc  optlalxatlon  (aatheaatlcal  prograaalng 
problaa) 

unconatralned  optlalxatlon  (thla  followa  froa 
converting  (111)  Into  an  equivalent  unconatralned 
optlalxatlon  problaa,  aa  explained  In  footnote 
251) 


Having  presented  the  aanagarlal  utility  aaxlalxatlon  foraula- 
tlon  of  the  Harris  aodel,  the  relationship  between  that  foraulatlon  and 
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th*  Mrllar  growth  wuclalsatlon  foraulatlon  Is  considsrsd  nsxt.  Ths 
squlllbriuB  stssdy  ststa  growth  path  charactarlzad  by  tha  optlaal 
solution  to  tha  ■athoMtical  prograaalng  problaa  (111)  laada  to  an 
equlllbrlua  valua  for  v and  to  an  equillbrlua  valua  for  r . If 
tha  flm  wars  to  taka  tha  aqulllbriua  valua  v*  as  tha  constralnad 
valuation  ratio,  tha  nodal  of  tha  firm  (111)  could  ba  rafomulatad  as 
ona  involving  tha  naxlnizatlon  of  g aubjact  to  v - v*  . Altama- 
tivaly,  tha  corraspondlng  aqullibrlun  valua  for  r could  ba  usad,  as 
in  tha  initial  fomulatlon  of  tha  Harris  nodal,  to  obtain  tha  sana 
optinal  g . Adopting  tha  fomar  approach,  supposa  that  a nlninun  valua 
for  V is  dataminad  outsida  tha  nodal.  Than  tha  nodal  of  tha  flm 
can  ba  fomulatad  as  tha  following  nathenatical  programing  problan: 


naxinlza:  g (115) 

aubjact  to:  v(g)  _>  v^^  , 


«rhara  v^^  is  tha  nlninun  valuation  ratio  nacassazy  to  pravant  takaovar. 

Tha  nodal  (115)  incorporataa  what  nay  ba  called  the  strong  fom  of  tha 

valuation  ratio  constraint,  while  tha  nodal  (111)  incorporates  tha 
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weak  fom  of  tha  valtiation  ratio  constraint.  As  long  as  v^  £ v • 

problan  (115)  has  a faasibla  solution.  Since  v'(g)  < 0 at  tha  optinal 

solution,  V*  • V.  and  g ■ (aaa  figure  11-18) . 

^1 

It  is  possible  to  generalize  tha  Harris  nodal  to  pamit, 
for  axanpla,  the  discount  rate  i to  depend  on  tha  fim's  leverage 
ratio,  i.a.  tha  ratio  of  debt  to  equity.  Rather  than  carry  out  tha 
ganaralization  in  this  section,  it  will  prove  nora  fruitful  first  to 


develop  the  Vickers  and  Lintner  aodels  in  sections  I and  J and  then 

to  suggest  how  the  presence  of  uncertainty  and  the  need  to  consider 

the  method  of  financing  the  firm's  activities  that  are  Incorporated 

In  these  models  affect  the  behavior  of  growth  maximizers  of  the  Harris 

type  as  well  as  that  of  value  maximizers. 

c.  Evaluation  of  the  Harris  Hodel 

Empirical  support  for  the  growth  maximization  hypothesis 
255 

has  come  from  three  sources.  One  source  Is  the  tests  carried  out 
256 

by  Douglas  Kuehn  of  the  hypothesis  that  firms  are  growth  maximizers 
against  the  alternative  hypothesis  that  firms  are  profit  maximizers. 

Kuehn  finds  that  the  valuation  ratio  Is  the  most  consistent  Indicator 
of  whether  a firm  will  be  taken  over  and  that,  among  takeover  raiders 
at  least,  the  growth  maximization  hypothesis  Is  more  consistent  with 
the  pattern  of  growth  rates,  profit  rates,  retention  ratios,  and 
valuation  ratios  than  the  profit  maximization  hypothesis.  While 
Kuehn  conducted  his  tests  using  British  data,  his  findings  are 
consistent  with  those  of  Friend  and  Puckett,  Reid,  and  others, 
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which  are  based  on  American  data  and  which  are  discussed  below. 

The  second  source  of  support  Is  the  finding  that  "when  stock  prices 

arc  related  to  current  dividends  and  retained  earnings,  higher  dividend 
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payout  is  usually  associated  with  higher  prlce-eamlngs  ratios," 

for  this  suggests  that  firms  tend  to  operate  with  a retention 

ratio  In  excess  of  that  which  would  maximize  the  share  value, 

which  Is  consistent  with  the  Harris  model's  Implication  that  a 

growth  maximizer  will  have  a higher  retention  ratio  and  a lower  valuation 
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ratio  than  a value  maxlmlser.  The  third  source  of  support  for  the 
growth  maximisation  hypothesis  srs  the  emplriesl  findings  of  Reid  snd 


others  that  ganarslly  support  ths  vlsw  that  coapanlss  ■ergs  not  for 
ths  asks  of  profits,  but  for  ths  sake  of  Increasing  slzs.^^^ 

On  both  theoretical  grounds  and  eq>lrlcal  grounds,  then, 
there  la  good  reason  to  believe  tiiat  fine  are  Interested  In  growth 
and  that  th^  are  willing  to  accept  sonewhat  lower  profitability  and 
soMwhat  lower  aarket  valuation  of  their  shares  In  order  to  Increase 
the  growth  rate  to  the  aaxlaum  consistent  with  continued  financial 
security. 

Nevertheleas , the  Harris  aodel  has  certain  llaltatlons. 

The  aodel  assuaea  that  the  flra  selects  a steady  state  growth  rate  and 

that  share  prices  are  deteralned  as  the  present  value  of  the  dividend 

streaa  growing  at  this  constant  rate,  but  In  order  for  such  a share 

valuation  aodel  to  have  eaplrlcal  validity.  It  Is  necessary  that  growth 

and  profit  rates  be  stable  over  tlae  and  that  the  stock  aarket  be 
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aware  of  this.  Even  under  the  assuaptlon  of  certainty,  which  Harris 

aakes,  such  a valuation  aodel  requires  that  capital  aarkets  be  perfect 

and  In  equlUbrlua.  Yat,  Nerlove  shows  that  tiiere  Is  substantial 

dlsequlllbrlua  In  the  capital  aarket  — “both  suppliers  of  capital  to 

the  flra  and  Investors  In  coaaon  stock  share  an  laperfect  and  dla 

perception  of  the  profitable  opportunities  for  Investaent  open  to  the 

flra.”  Harris's  aodel  rests,  then,  on  a theory  of  share  valuation 

that  requires  that  certain  strict  conditions.  Including  the  existence 

of  perfect  capital  aarkets,  be  aet.  In  fairness  to  Harris,  this  Is 

not  as  auch  a critlclaa  of  hls  aodel  as  It  Is  a recognition  of  the 
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llaltatlona  of  the  particular  share  price  foraula  ha  adopted.  The 
slgnlflcaace  of  the  choice  of  valuation  foraula  lias  In  the  lapact 
It  nay  have  on  the  shape  and  location  of  Che  growth-valuation  curve. 


24) 


and  hance,  on  the  aquilibrluB  acaady  atata  growtii  path  choacn  by  tha 
fin. 

A aacond  llnitaelon  of  tha  Harrla  aodal  la  that  It  aaauaaa 

cartainty.  Yarrow  haa  aodlflad  Marrla'a  aodal  to  Incorporata  uncar- 
26  A 

talnty,  although  ha  leavaa  tha  stock  aarkat  valuation  of  sharas 
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stibsuaad  within  what  ha  calls  tha  aanagarlal  sacurlty  function 

(which  la  a ganarall ration  of  Harris's  growtii-valuatlon  function). 

Another  approach  — one  that  takas  sacurlty  valuation  Into  account 

explicitly  " al^t  be  to  reforaulata  Marrla'a  aodal  first,  with  expected 

utility  aaxlBlzatlon  In  place  of  utility  aaxlBlzatlon  and  second,  with 

a growdi-valuatlon  function  based  on  a security  valuation  formula, 

such  as  tha  one  suggested  by  Sharpe,  Llntnar  and  Hoasln,  that  takes 
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uncertainty  Into  account  explicitly. 

Two  other  limitations  of  the  model  are  Its  treatment  of 

managerial  utility  and  Its  assumption  of  steady  state  growth.  Is 

managerial  utility  a function  of  the  growth  rate  and  the  valuation 

ratio  only,  or  are  there  other  arguments,  such  as  staff  and  managerial 
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emoluments,  that  have  been  left  out?  As  the  model  purports  to 

explain  the  mode  of  behavior  of  acttial  large  firms.  If  there  are  other 

sources  of  managerial  utility  that  have  been  left  out  of  the  model, 

then,  depending  on  tiielr  Importance  relative  to  growth  and  security, 

□ 

the  equilibrium  steady  state  growth  path  chosen  by  the  firm  might  be 

affected.  A possibly  more  serious  question  concerns  how  the  collective 
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managerial  utility  function  is  formed.  Do  executives  at  all  levels 
have  the  seam  marginal  rate  of  substitution  between  growth  and  security, 
or  do  the  top  executives,  who  are  more  likely  to  lose  tiielr  jobs  following 
a takeover,  place  a relatively  greater  value  on  additional  security 


a 


than  lower  laval  axacutivaa,  who  are  aorc  Intereated  In  opportunities 
for  proBotlon  — or  does  the  managerial  utility  function  reflect  the 
trade  offa  of  top  nanagasiant  only?  Hl^t  there  be  a sociological 
process  at  work  %rlthln  the  firm  by  which  the  firm's  objectives  are 
determlned?^^^ 

Second,  It  Is  unlikely  that,  In  planning  for  the  future, 

firms  Ignore  the  business  cycle.  In  an  expanding  aconoa^,  with  markets 

growing  and  profits  rising,  managers  not  only  desire  growth,  they  are 

forced  by  competition  to  expand  In  order  to  protect  their  market  shares. 

It  Is  also  advantageous  to  bring  out  new  products  *-  l.e.  to  diversify  — 

In  an  expanding  econoo^  because  the  firm  Is  better  able  to  obtain  the 

financial  resources  wltii  whldi  to  finance  test  marketing  and  other 

selling  expenses  and  consumer  attitudes  are  generally  more  favorable 

than  In  the  downswing.  In  die  downswing,  however,  the  emphasis  Is 
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likely  to  shift  from  growth  to  profits.  While  this  shift  can  be 

accosnodated  within  the  Karris  model.  It  requires  that  managerial 

utility  be  maximized  with  respect  to  security  and  growth  lexicographically  — 

l.e.  It  requires  that  the  firm  act  so  as  to  maximize  v whenever 
^ 271 

V < Vj^  . 

The  above  criticisms  were  not  meant  to  detract  from  the 
significance  of  Karris 'a  contribution.  The  explicit  recognition  of 
the  separation  of  ownership  from  control,  and  with  It  the  appearance 
of  growth  aa  one  of  the  modem  corporation's  primary  objectives.  In 
a model  of  the  firm  la  highly  significant.  In  this  writer's  opinion, 
any  modal  that  hopes  to  explain  the  behavior  of  the  modem  corporate 
enterprise  should  Include  growth  among  the  firm's  objectives. 


J 
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3.  Th«  Oliver  WilUaMon  Hodel 

In  the  Harris  nodal  nanagarlal  utility  is  a function  of  the 

firm's  growth  rate  and  its  valuation  ratio.  One  consequence  of  faster 

growth  is  that  any  particular  size  — and  the  salary,  power,  prestige, 

etc.  that  are  positively  correlated  with  size  and  that  contribute  to 

managerial  utility  — is  attained  more  quickly.  Oliver  Wllliaason  has 

developed  a managerial  BK>del  in  which  size,  and  in  particular,  the 

272 

size  of  managers'  staffs,  plays  a more  direct  role.  In  his  model 

managers  ezfaibit  an  expense  preference,  enlarging  their  staffs. 

Increasing  managerial  emoluments,  and  spending  funds  avallaible  for 

discretionary  investment  in  order  to  Increase  their  own  utility.  In 

the  Vfilliamson  model  managerial  utility  is  expressed  as  a function  of 

the  total  expenditure  on  staff,  total  managerial  emoluments,  snd  dls- 
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cretionary  profit.  Staff  expenditure  includes  the  salaries  of 

managerial  panomiel  and  expendituraa  on  advertising  and  reaeardt  and 

development.  Larger  staffs  create  advancement  opportunities  and  con- 
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tribute  to  the  security,  status,  and  prestige  of  msnagers.  Emolu- 
ments represent  that  portion  of  managerial  salaries  and  perqiiisites 

that  is  discretionary  in  the  sense  that  their  removal  would  not  cause 
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managers  to  lemve  the  firm  to  seek  other  employment.  Discretionary 
profit  is  IIm  amount  by  whidi  raported  profit  exceeds  the  required 
(by  the  need  for  financial  security)  miniaum  and  ia  the  anonnt  that 
nanagars  have  availAle  for  spending  on  plant  and  equlpnant.  Investment 
expenditures,  then,  are  determined  by  managerial,  as  well  as  by 
econoale,  considerations.  In  contrast  to  the  Harris  model, whera  the 
separation  of  ownership  from  control  enables  msnagers  to  pursus  growth 
at  IsMt  partly  at  tha  sxpenae  of  the  firm's  share  value,  the  separation 
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of  ownonhip  froa  control  in  the  Willlaason  aodel  menifeste  Itself  in 
the  ability  of  Banagcrs  to  exercise  soae  degree  of  discretion  over 
the  allocation  of  corporate  IncoM. 

Wllliaason's  aodal  can  be  formulated  as  the  following  mathe- 
matical prograaadng  problem: 


maximize:  U ■■  U(S,M,irj) 

subject  to:  j.  i ^ 


(116) 


where  U represents  managerial  utility,  S Is  staff  expenditures, 
M Is  managerial  emoluments,  ir^  Is  reported  profit,  is  the 

exogenously-determined  minimum  acceptable  level  of  after-tax  profit, 
and  T Is  the  amount  of  corporate  profit  taxes.  Reported  profit  Is 
equal  Identically  to  total  actual  profit,  x , less  managerial 
emoluments. 


■ ir  - M . (117) 

Letting  t denote  the  exogenously-determined  tax  rate  (assumed 
constant)  on  reported  profit,  discretionary  profit,  tr^  , satisfies 
the  Identity, 


ir . • ir  - 11  - T , 
d r o 


(118) 


and  substituting  T ■ t • ir^  and  then  (117)  for  ir^  , (118)  becomes 


276 


(119) 


TT^  - (1  - t)  [it  - M]  - ff 

a o 

Total  profit,  u , Is  equal  identically  to  total  revenue  minus 
production  cost  minus  staff  expenditure,  or  In  equation  form, 

TT  - Tr(Y,S)  - R(Y,S)  - C(Y)  - S , (120) 

where  Y Is  output,  R Is  total  revenue  expressed  as  a function  of 

output  and  staff  expenditure,  and  C Is  production  cost,  which  depends 

277 

on  the  level  of  output.  Substituting  (120)  for  tt  In  (119) 
gives 


ti.(Y,S,M)  - (1  - t)tR(Y,S)  - C(Y)  - S - M]  - TT  . (121) 

0 o 

Substituting  (121)  for  the  objective  function  In  the  model  (116) 

becomes: 

maximize:  U - 0(S,M, (1-t)  [R(Y,S)  - C(Y)  - S - M]  - tt  ) , (122) 

{Y,S,M} 

where  all  quantities  In  (122)  are  measured  In  dollar  units.  Note  that 

the  constraint  In  problem  (116)  may  be  rewritten  as  ^ 0 , that  Is, 

discretionary  profit  must  be  nonnegative.  But  Is  one  of  the 

arguments  of  the  managerial  utility  function.  Since  It  Is  reasonable 

to  expect  that,  because  discretionary  profit  contributes  to  managerial 

utility,  j > 0 at  optimality,  and  hence,  that  the  constraint  In 

problem  (116)  Is  satisfied,  the  model  (116)  can  be  reformulated 
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equivalently  as  the  unconstrained  optimization  problem  (122) . The 
necessary  conditions  for  an  optimal  solution  to  problem  (122)  are 
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the  following: 


0 


(123) 


IL.  n ic) 

8Y  “ 3tt^  ^ ■ l3Y  ■ dY/ 

a 

d 

1^  + (1  - t)  (-1)  - 0 (125) 

The  necessary  conditions  (123)  - (125)  for  an  optimal  solution 
to  (122)  can  be  used  to  characterize  the  single  period  equilibrium 
position  of  the  WllllanBon-type  utility  maximizing  firm.  Equation 
(123)  yields  the  familiar  condition, 


3Y  “ dY  * 


(126) 


In  equilibrium,  the  Wllllamson-type  firm  equates  marginal  revenue 
(with  advertising  held  fixed)  and  marginal  production  cost.  Given 
the  optimal  level  of  advertising  (l.e.  staff)  expenditure,  equation 
(126)  Implies  that  the  firm  will  produce  the  profit-maximizing  level 
of  output.  From  equation  (124), 


3R  . , 1 3U/3S 

3S  “ (1-t)  3U/3iTj 


(127) 


mmmtv  profit 

• Moff  laa 


la  the  marginal  rate  of  substitution  between  dlscre- 
am4  staff.  In  the  traditional  profit-maximizing  firm, 

• omlns  la  sscssa  of  that  whidi  la  associated  with  Its 

• that  t la  marginal  rata  of  substitution  is  zero  for 


# ' 


t 


M/M  - 1 


■ut  In  the  nanagarlal 


firm,  dU/3S  > 0 and  dll/dir^  > 0 , so  that  3R/9S  <1  In  equation 
(127).  Since  the  marginal  coat  of  staff  expenditure  Is  Just  one 
(since,  by  assumption,  S Is  measured  In  dollars)  equation  (127) 
Implies  that  the  managerial  firm  pushes  staff  expenditures  beyond  the 
profit-maximizing  level.  How  much  beyond  depends,  of  course,  on  the 
tax  rate  t and  on  the  marginal  rate  of  substitution  between  staff 
and  discretionary  profit.  Note  the  similarity  to  the  sales  maximiza- 
tion case,  where  In  order  to  maximize  sales  (and  managerial  utility) 
the  firm  carried  advertising  expenditure  beyond  the  profit-maximizing 
level.  Here  the  motivation  Is  different,  but  the  effect  Is  much  the 
same.  Last,  from  equation  (12S) 

f - (1  - t)  f-  . (128) 

With  the  constraint  satisfied  as  an  Inequality  (or  at  least  with 

dU/dir^  > 0)  equation  (128)  l]q>lles  that  the  firm  will  absorb  some 

portion  of  actual  profit  as  emoluments  (l.e.  N > 0) . The  optimal 

9U/dM 

levels  of  M and  must  satisfy  the  condition  ■ (1  - t)  . 

d 

The  marginal  rate  of  substitution  between  emoluments  and  discretionary 
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profit  must  equal  one  minus  the  tax  rate. 

By  defining  staff  expenditure  to  Include  managerial  emoluments 
(l.e.  by  subsuming  M In  S) , the  Williamson  model  (122)  can  be 
simplified  to  permit  a geometric  representation.  With  this  new 
definition  of  S , reported  profit  becomes  Identical  to  actual  profit. 


and  discretionary  profit  becomes 


ir.  - (1-t)  [R(Y,S)  - C(Y)  - S]  - -n  . (130) 

a o 


Note  that  with  t and  ir  fixed,  maximizing  (130)  Is  equivalent  to 

o 

maximizing  (129).  For  any  level  of  staff  expenditure,  S , maximizing 

(130)  with  respect  to  Y leads  to  a point  on  the  curve 

figure  11-19.  The  utility  function  to  be  maximized  Is  U - U(S,Trj)  . 

In  figure  11-19  managerial  utility  Is  maximized  at  the  point  (S*,!!^*) 
at  which  the  Indifference  curve  and  the  curve  tangent, 

and  where  the  marginal  rate  of  substitution  between  staff  and  dis- 
cretionary profit  Just  equals  the  marginal  cost  of  additional  staff 
In  terms  of  discretionary  profit.  In  contrast,  the  profit-maximizing 
firm  woxild  spend  S on  staff  and  earn  discretionary  profit  In 

figure  11-19,  l.e.  spending  less  on  staff  and  earning  greater  profit 
than  the  managerial  utility  maximizer. 


discretionary] 

profit 


U - U(S,TT^) 


staff  expenditure 

Figure  11-19 t Optimum  for  a Wllllaason-type 
Ctllity  Maxlmlser  and  for  a 
Profit  NaxialEar 
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Figure  11-19  liq>lles  that  the  Ullllaosoit-type  flm  will  readi 
an  output  decision  different  from  that  of  the  short  run  profit  maximizer. 
The  Williams on- type  firm  pushes  staff  expenditure  (which  Includes  adver- 


tising) beyond  the  profit  maximizing  level*  and  If  marginal  returns  to 
advertising  are  always  positive*  then  the  Williams on- type  firm  can  be 
expected  to  produce  more  output  th<8i  a profit  maximizer.  Therefore* 
the  Wllllanmon-type  firm  Is  not  merely  a profit  maximizer  in  whldi 
managers  exercise  control  over  a share  of  the  (maximum)  profit*  but 
rather*  Is  one  In  which  managers  Increase  staff  and  their  own  emoluments 
to  the  detriment  of  profit. 

The  product  market  solution  for  the  Williamson- type  firm  is 


exhibited  by  figure  11-20.  The  firm  produces  output  at  which 
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marginal  revenue  equals  marginal  production  cost . The  firm  charges 


price  and  reports  (pre-tax)  profit  amounting  to  (Pj^  - C^)  * • 

of  which  T - (C3  - C^)  • Qj^  la  paid  as  corporate  profit  tax* 

•tr  ■ (C^  - C3)  • Qj^  represents  the  minimum  acceptable  level  of  after- 
tax profit*  and  - (Pj^  - C^)  • Is  discretionary  profit. 
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Figure  11-20:  Product  Market  Solution  for 
the  Wllllamaon-type  Firm 
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By  way  of  suamarlcing  the  dlacussion  thus  far,  the  distinguishing 
features  of  the  Ullliamson-type  aanagerial  firm  are  set  out  in  table 
11-16 . 


Table  11-16  Summary  of  O.E.  Williamson  Model 


Class!  managerial  (see  (122)  in  text) 

Firm's  Objective:  maxlmlre  managerial  utility  expressed  as  a 

function  of  staff,  emoluments,  and  discretionary 
profit  (and  in  the  simpler  version  discussed  in 
the  text,  with  staff  and  eaoltiments  cosblned 
into  a single  variable) 


Constraints: 


Variables: 
Exogenous : 


Endogenous : 


Decision: 


minimum  acceptable  level  of  after-tax  profit; 
and  implicitly,  product  demand  and  factor 
supply  conditions,  and  also  implicitly,  the 
technological  constraint  embodied  in  the  firm's 
production  function 


adnlmia  acceptable  level  of  after-tax  profit 

(ir  ) and  the  tax  rate  (t) 
o 

output  (Y) , staff  (S) , emolinsents  (M) , and 
discretionary  profit  C*r^) 

output  (Y) , staff  (S),  and  emoluments  (M) 


Finance: 

Certainty /Uncertainty : 

Equilibrium/ 

Disequilibrium: 

Time: 

Type  of  Model: 

Solution  Technique: 


subsumed 

assumes  certainty 

characterisation  of  siI^tle  period  equilibrium 
position  of  the  firm 

single  period 

static  optimization  (mathematical  programmii^g 
problem) 

unconstrained  optimisation 


1- 

1 

I 

I 


I 
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The  Williamson  model  has  two  important  Implications.  First, 
managers  exercise  considerable  discretion  as  to  how  the  surplus  of 
revenue  over  production  cost  will  be  spent  and  this  has  implications 
for  the  efficiency  with  which  resources  are  allocated  within  the  firm. 
Managers  exercise  their  discretion  by  enlarging  staffs,  paying  themselves 


level  le  deterelned.  Third,  the  aodel  doee  not  relete  dlecretlonery 

expendlturee  directly  to  the  laportent  aanegerlel  goels  of  growth  end 

eecurlty.  Theee  three  crltlclene  ere  related.  Preauaebly,  ir^  la 

detaralned,  at  laaat  partly,  by  tiie  daaanda  of  aharaholdera,  which  In 

turn  placea  reatrlctlona  on  the  flra'a  retention  pollclaa,  and  hence, 

on  the  aaount  that  can  be  spent  on  ataff  and  enolunenta  and  the  aaount 
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left  over  aa  dlacretlonaxy  profit  to  be  spent  on  plant  and  aqulptaant. 

Thus,  whlla  the  Ullllaason  nodal 'a  treataent  of  discretionary  expen- 
dlt\jres  on  staff,  eaolunants,  and  plant  and  equlpnent  nakaa  the  nodal 
a significant  contribution  to  the  literature  on  Che  theory  of  the  fim,  the 

nodal's  failure  to  incorporate  financial  considerations  explicitly  aa  a nanage- 
nant  objective  la.  In  the  opinion  of  this  writer,  a sarlous  llnitatloo. 

4.  Sunnary  of  the  Managerial  Hodala 

The  nanagerial  nodals  of  the  flm  raflact  Che  efface  the 
aaparatlon  of  ownership  fron  control  la  supposed  to  have  had  on  the 
goals  of  Che  nodem  corporate  enterprise.  According  to  the  nanagec^ 
lallats,  Che  flm  no  longer  etrlvea  for  naxinun  profit  or  for  the 
naxiw  value  of  the  flm's  shares,  but  rather,  sacrifices  sane  of  Its 
narinini  attainable  profit  for  the  sake  of  pronotlng  salaa,  raising 
Che  race  of  growth,  enlarging  the  staff,  or  incraaslng  nanagerial 
enolunants,  each  tor  the  ultlnate  purpose  of  naxlnlslng  nanagerial 
utility. 

Though  naxinun  profit  Is  no  longer  the  single  nost  Important 
goal  of  the  flm,  the  firm's  profitability  continues  to  play  a critical 
role  In  Che  managerial  nodels  as  a constraint.  Given  Che  nanagerial 
flm's  objectives.  It  will  attenpc  to  find  the  most  profitable  output 
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■Is  and  cIm  smc  proflcdbl*  input  ais  tiinc  will  andbla  It  to  nttoin 
ito  objoetluso.  Glvon  tho  louol  of  oduortlolng  for  tho  lonaol-tirpo 
•oloo  nnilnlMr  or  tho  losol  of  staff  aspandltaio  bp  tha  IfllllaaBoo* 
typo  utility  aasialaart  it  uas  found  that  tha  fim  would  aoloet  iho 
laual  of  output  for  uhioh  narglaal  ruuanua  a^uala  narginal  (produetioa) 
coat.  In  addition,  John  Villiannon  has  assortad  that  a valua  nanindaor 
and  a growth  nasiaiaar  would  prodaoa  tha  aaas  abort  aora  output,  and 
honeo,  charga  tha  aaas  pries  (althoe#i  a aaiaa  aaalaAssr  would  prodaaa 
■ora).  In  tho  Harris  nodal  tho  bohavior  of  tha  fiia  is  not  iaean> 
sistant  with  aaniaiaiag  ruoidual  (i.a.  aftor*tan  and  aftar^dtaidand) 
nst  rawsnua  (i.a.  total  rawsnus  lass  total  production  east),  for  ouch 
bahaaior  •ansratoa  tha  naaiaaa  supply  of  funds  aaollAla  for  growth* 
proaoting  aspandituro.  For  this  roaaon,  fotoroou  has  auggaatod  that 
thora  is  littla  practical  difforoaco  botwoon  nanlaising  profits  and 
■aainiting  growth. In  tha  aanagarlal  aedsls,  than,  thou#  tho  flta 
ia  not  nnninisiag  total  profit,  it  ia,  in  affoet,  trying  to  anniniso 
tho  Mwunt  of  funds  aaalldbla  to  bo  spant  at  tha  disecutian  of  aanaga* 
aant  on  those  things  that  aost  onhaioa  nanagarial  utility. 

Giwan  that  fitaa  bahawa  as  tho  nanagarial  nodals  dascriba, 

an  inportant  question  arises.  Uhat  era  tha  consaquancas  of  this  sort 

of  bahawior,  i.a.  can  one  aspect  to  bs  dbla  to  distinguish  onpirically 

botwoon  profit-aasiniBing  behavior  and  nan nga rial  utility-nasiniBing 

bchaviorf  Tha  Ku^n  study  citad  aarliar  has  lent  support  to  the  growth 
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■asiniBation  hypothoaia.  Kuohn's  conclusions,  howovor,  apply  to 
a restricted  sanplo.  More  ganorally,  Solow  denonstratos  that,  at 
tha  thoorotical  level  at  Icaat,  the  effect  of  altematlvo  notlvatlons 
on  the  firs* a response  to  various  external  stlaull  ia  to  produce 
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r— fo— ■■  Hmc  4iff«r  in  dnsrnn  ratlMr  thnn  la  dlnctlaa  or  kind: 

. . . troirttH-erlaacod  aad  proflt-orlaatad  f Iran 
•MMild  r»^firnd  la  quail  tatlaalp  alailar  ways  to 
sudi  attaall  an  ehaagaa  la  factor  prlcaa,  discount 
rats,  aad  sxelsa  and  profit  taaaa.  On  tha  avldanea 
only  of  its  bohavier  in  that  kind  of  aituatloo,  an 
ohsarvnr  would  find  it  hard  to  distinguish  ooa  kind 
of  fit*  ftna  tha  othar. 

loan  If  iMB-profit  aanlalting  habawlor  can  ha  distlngulahad  froa 

profit  anaiaiaing  hahawior,  thars  still  maains  tha  susatioa  as  to 

hoa  tar  tha  naa-prafit  anaialaar  ia  dswiatiag  froa  profit  aaaiaisiag 

hahawior,  aad  karsana  this  would  rogalm  aithar  tha  dotorainatioa  of 

what  profit  would  haws  huoa  had  tha  fita  aaaiaisad  profit  or  alas  a 

ea^artaaa  of  tha  rolatiwo  profitAility  of  dM  two  typos  of  firao, 

2M 

it  al^t  prows  to  ha  an  iapaaaihla  gunation  to  anownr.  Indood, 

thorn  nay  ha  autropraaaura  who  paralt  nonprofit  eaaaidsrntioaa  to 

aatar  tbair  dactalan  adtlng  and  ptofoaoianal  aaaagars  nay  ha  auffi- 

ciaatly  ohlllad  aad  dodisatad  to  thair  firaa  that  thay  run  thair 

orgaaisatiaas  with  groator  afticioocy  than  an  antrapronaur  would,  with 

tha  cenaaguanaa  that  a emoa-oact iaa  MMlyoia  that  dlatinguiohad  ownar- 

caatrollad  firaa  froa  aaiagsr-coatrollad  firaa  night  disoam  littla 
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or  no  diffaronca  in  tha  profitahility  of  tha  two  typaa  of  firaa. 
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Tha  aapirical  awidanea  accuaulatad  thus  far  haars  this  out.  Ixoapt 
in  ooaa  opacial  canaa,  such  as  tha  takaowor  raidars  in  Kushn's  study, 
tasting  tha  nanagarlal  nodala  against  tha  traditional  nodals  would 
probably  ha  wary  difficult. 

This  ssctlon  has  dascribad  tha  nanagarlal  aodals  in  which  tha 
utility  of  tha  fim*s  nanagars  is  naxinlaad.  Thesa  nodala  warn  coo- 
trastad  with  tha  traditional  nodala  In  which  tha  utility  of  the  f Ira's 
owners  — aaaaurad  as  total  profit  for  the  antrepranaurlal  flm  and  as 
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the  ahar*  value  for  the  corporation  - la  wxlBlsad.  The  next  aactlon 
daacrlbaa  the  behavioral  theory  of  the  flm  In  which  there  are  various 
social  groupa.  each  having  Its  own  goals,  within  the  fir*,  but  In 
which  no  single  group's  goals  are  ascendant. 


H.  BEHAVIOKAL  MODELS 

Proponents  of  the  behavioral  theory  of  the  flr*^^^  argue  that  the 
■axlBlsatlaa  aodela  dlscusaed  earlier  In  thla  chapter  offer  little 
help  axplalnlng  the  behavior  of  real  flras.  The  profit  aaxlalzatloo 
end  value  aasialsatlon  aodela  are  criticised  because.  It  Is  argued, 
in  a world  of  uncertainty  aaxlaands  such  as  total  profit  or  the  present 
value  of  the  streaa  of  future  profits  era  very  difficult  to  define  In 

909 

an  eaplrlcally  asanlngful  way.  Models  that  asauM  a single  ell- 

•■^'•cing  goal  - sudi  as  salas  or  growth  aazlBlBatlon  or  the  aaslBlsa- 

tlca  of  aanagsrial  utlUty  - an  entlelaad  by  cha  bekavlorallsts  on 

the  grounds  that  the  aodern  corporation  la  conprised  of  aany  social 

groupings,  such  as  top  aanagars,  alddle  aanagars,  lower  level  anagers, 

professional  staff,  shareholders,  etc.,  whose  goals  are  likely  to 

conflict.  Organisational  goals  are  astdbllshed  through  a continual 

bargaining  procaas  that  goes  on  within  the  flra  aaong  the  various  social 

groupings,  and  as  a result,  are  aora  likely  to  reflect  a series  of 

coaproalses  then  the  particular  goal(s)  of  any  single  grouping  and  ere 

likely  to  change  through  tin  as  the  experience  of  the  flra  conditions 
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the  bargaining  process.  According  to  the  behavlorallsts  the  coa- 
and  trade  offs  that  are  aade  during  the  bargaining  process, 
together  with  the  uncertainties  inherent  In  the  real  world  and  the 
often  high  cost  of  searching  for  Inforaatlon  with  which  to  reduce 
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uncertainty,  cause  the  firm  to  exhibit  'satisficing'  rather  than 
'■axlmlxing'  behavior.  That  is,  the  fim  does  not  seek  naximuin 
perforaance  with  respect  to  any  single  objective,  e.g.  by  trying  to 
■axinlze  total  profit,  but  rather,  seeks  only  satisfactory  performance 
with  respect  to  each  of  the  several  goals  established  through  the 
internal  bargaining  process.  As  would  be  expected,  this  has  led  to  a 
debate  over  whether  managers  try  to  maximize  or  are  content  to  satis- 
fice. But  rather  than  arguing  over  the  nature  and  sources  of  managerial 
motivation,  the  behavloralists  suggest  that  economists  develop  a 

better  understanding  of  the  managerial  decision-making  process  within 
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actual  firms. 

The  behavloralists,  and  notably  the  works  of  Simon,  Cyert  and  March, 

and  Cohen  and  Cyert,  have  drawn  attention  to  the  actual  decision-making 

296 

processes  within  firms.  Belying  on  direct  observations  of  actual 

decision-making  processes,  the  behevloralists  have  tried  to  develop  a 
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theory  general  enough  to  transcend  the  specific  firms  studied. 

While  their  work  has  resulted  in  several  interesting  eaplrical  studies 

that  have  shown  that  at  least  in  soms  firms  some  rather  siaple  minded 

rules  of  thuafc,  such  as  setting  prices  by  applying  a fixed  mark-up  to 

the  average  variable  coet  of  the  item,  are  used  with  remarkable  consis- 
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tency,  and  while  their  models  have  been  very  successful  in  predicting 

simple  business  decisions,  such  as  future  prices,  on  the  basis  of 
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these  rules  of  thuab,  the  behavioral  analysis  has  provided  little 
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in  the  way  of  Interesting  analytical  implications.  It  has  failed 

to  explain  either  how  the  rules  of  thumb  are  determined  or  how  they 

will  vary  in  response  to  changes  in  the  values  of  economic  variables 
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exogenous  to  the  firm. 
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1.  The  Cyert  and  March  View  of  the  Flm 


The  behavioral  theory  of  the  firm  Is  viewed  by  Its  proponents 

as  a suppleaent  to,  rather  than  as  a substitute  for,  the  conventional 
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theory  of  the  flm.  Whereas  the  traditional  theory  of  the  firm  Is 

mainly  concerned  with  the  way  In  which  the  price  system  brings  about 

the  allocation  of  resources  among  markets,  the  behavioral  theory  Is 

more  concerned  with  the  way  In  which  resources  are  allocated  within  the 

flm.  Since  the  behavioral  theory  Is  designed  to  answer  questions  of 

resource  allocation  different  from  those  with  which  the  traditional 

theory  Is  concerned,  the  essumptlon  of  profit  maximization,  which  may 

serve  the  traditional  theory  adequately.  Is  neither  necessary  nor 

sufficient  for  answering  the  questions  about  Internal  declslon-maklng 

and  Internal  resource  allocation  with  which  the  behavioral  theory  Is 
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concerned.  Nevertheless,  If  the  behavioral  theory  Is  Intended  as 
a supplement  to,  rather  than  as  a 8vd>stitute  for,  the  traditional 
theory,  there  remains  the  problem  of  resolving  the  tredltlonal  and 
behavioral  theories  Into  one  broadly  explanatory  model  with  irtilch  the 
Interface  between  Internal  markets  (e.g.  for  the  allocation  of  money 
cepltal  within  the  flm)  and  external  markets  (e.g.  product  markets 
and  factor  markets)  can  be  studlad. 

The  behavioral  theory  of  the  flm,  eccordlng  to  Cyert  end 
March,  requires  the  development  of  the  following  four  major  aubtheorles 
(1)  a theory  of  organlsatlonel  goals  thst  describes  the  process  of 
goal  formation;  (11)  a theory  of  organlsatlonel  expectations  that 
explains  the  Informstlon-gatherlng  behavior  of  organisations;  (111)  a 
theory  of  organlsatlonel  choice  that  describes  the  process  of  selecting 
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alternatives,  comparing  them,  and  deciding  vhlch  one  la  best;  and 

(Iv)  a theory  of  organizational  control  that  provides  needed  Inslgbt 
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Into  the  difference  between  declslon-maklng  and  Implementation. 

Cyert  and  March  conceive  of  the  firm  as  a coalition,  possibly 

consisting  of  smaller  subcoalltlons  whose  members  share  conmon  goals. 

Members  of  the  coalition,  who  may  Include  workers,  stockholders,  and 

customers  as  well  as  managers,  are  responsible  for  decisions  regarding 

the  goals  of  the  organization.  Strictly  speaking,  the  organization 

as  such  cannot  have  goals.  Only  the  Individuals  within  the  organize- 

tlon  can  have  goals.  The  term  'organizational  goals'  refers,  then, 

to  agreement  among  the  members  of  the  coalition  as  to  what  objectives 

the  organization  should  pursue.  Cyert  and  March  Identify  five  organl- 
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zatlonal  goals  — a production  goal,  an  Inventory  goal,  a sales  goal, 

a market-share  goal,  and  a profit  goal  — which  are  Inconsistent  In 

the  sense  that  optimizing  with  respect  to  one,  say  profit,  precludes 

optimizing  with  respect  to  some  other,  for  exanq>le,  sales.  Members  of 

the  coalition  have  different  Interests,  and  consequently,  rank  the  five 

goals  differently.  The  'final'  set  of  goals  of  the  organization  Is 
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the  result  of  a bargaining  process  among  members  of  the  coalition. 

All  five  goalc  are  set  at  attainable  levels  (or  at  least  It  must  be 
expected  that  they  are  attainable  In  order  that  agreement  among  coali- 
tion members  be  reached)  and  conflicts  amiong  miembers  of  the  coalition 
are  reaolved  by  various  fonas  of  'slde-payiments' , which  may  take  the 
form  of  either  monetary  payments  or  policy  coimmltmients,  sudi  as  comamlttlng 
more  resources  to  new  product  development  In  order  to  appease  the  vice- 
president  of  miarketlng  who  had  set  a hl^er  sales  goal  than  the  coali- 
tion was  willing  to  grant.  Mambers  of  the  coalition  are  continually 
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making  demands  on  the  coalition  In  accordance  with  their  Individual 
Interests,  and  this  requires  that  the  goals  of  the  organization  be 
adapted  continually.  The  demands  are  not  mutually  consistent,  but 
by  handling  the  demands  sequentially,  the  organization  can  remain 
viable.  This  process  of  mutual  accommodation  has  two  important  effects 

(I)  the  goals  of  the  organization  are  set  at  satisficing  rather  than 
maximizing  levels  In  order  that  all  five  goals  be  attainable,  and 

(II)  the  goals  change  over  time  In  response  to  the  demands  of 
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different  menbers  of  the  coalition. 

Provided  sufficient  resources  are  available  with  which  to  make 
side-payments,  the  organization  remains  viable.  Problems  arise, 
however,  when  the  organization  Is  unable  to  acconmtodate  the  demands 
of  its  members.  Since  demands  will  adjust  to  actual  payments,  as 
well  as  to  alternatives  external  to  the  firm.  It  can  be  expected  that 
coalition  demands,  which  are  analogous  to  factor  prices  In  the  tradi- 
tional theory,  will  equilibrate  with  payments  In  the  long  run.  But 
In  the  short  run  a disparity  may  exist  between  total  resources  and 
total  payments.  Cyert  and  March  term  the  difference  between  total 
resources  and  total  necessary  payments  'organizational  slack'.  In 
the  traditional  theory  (at  least  In  equilibrium)  organizational  slack 
Is  zero.  Slack  refers  to  payments  to  members  of  the  coalition  in 
excess  of  the  minimum  needed  to  keep  them  In  the  organization,  as 
for  example,  dividend  payments  In  excess  of  what  Is  needed  to  keep 

shareholders  loyal  to  the  firm  or  executive  compensation  In  excess  of 
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what  Is  needed  to  keep  them  In  the  organization.  When  market  con- 
ditions arc  favorable  slack  becomes  large,  and  when  market  conditions 
worsen,  slack  tightens  as  the  firm  reduces  payments  to  some  maibers 
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of  th«  coalltioB  and  SMka  wqrs  to  cut  coats. Cyart  and  Mardi  do 

not  argua  that  fliM  craata  organizational  slack  intentionally.  Rather, 

they  argua  that  it  occurs  naturally,  and  that  it  acta  as  a stabilizing 
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factor  for  tha  organization  over  tiaa.  Of  course,  the  exiatence  of 

slack  also  iaiplies  a leaa-than-optiaal  allocation  of  the  fira'a  reaourcea 
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and  a lesa-than-optiaal  long  run  rata  of  growth  for  the  flra. 

Cyert  and  March  also  daacriba  how  die  fira'a  daciaiona  evolve 

over  tiae  and  produce  a alaplifled  aodel  with  which  they  study  the 

key  decision  processes  at  work  in  a flra  that  has  only  three  goals 

(profit,  production,  and  salas)  and  has  to  aake  decisions  on  price, 

output,  and  sales  effort  in  each  tiae  period.  They  siaulated  the 

pricing  decision  in  a departaent  store  and  were  able  to  predict  to 
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the  penny  the  prices  of  384  iteas  out  of  the  414  in  their  saaple. 

In  a later  siaulation  aodel  Cohen  and  Cyert  produced  equally  iapressive 

results  utilizing  a duopoly  aodel  to  explain  output  decisions  for  two 
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producers  of  aetal  cans. 

The  tiae  path  of  the  fira'a  decisions  can  be  explained  on  the 
basis  of  two  types  of  aodels,  the  learning  process  aodel  and  the  rule- 
of-thuab  aodel.  The  learning  process  aodel  described  by  Cyert  and 
March  is  rou^ly  the  following.  Suppose  soas  diange  is  under  consid- 
eration. Nanagaasnt  will  apply  two  tests  of  its  worthiness:  (i)  will 
it  aset  the  fira's  satisficing  requlreaants  (l.a.  is  it  feasible)? 
and  (ii)  is  it  likely  to  iaprova  the  overall  position  of  tiia  flra  (l.e. 
is  it  desiri^la)?  If  it  paasas  both  tests  it  will  be  iaplaasnted,  and 
if  the  flra  later  finds  that  its  expectations  wsra  aat,  or  possibly 
even  excaedad,  than  further  diangss  of  this  type  will  ba  considered. 
According  to  this  iterative  process , prices,  output  lavela,  advertising 
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outlays,  etc.,  are  gradually  adapted  over  tlaa.  Adjustaants  take  place 
through  a trial  and  error  process,  rather  than  as  the  result  of  soae 
grand  optlalzatlon  echeae.  However,  as  the  goals  of  the  organization 
and  conditions  external  to  the  organization  are  continually  changing, 
the  adaptations  proceed  toward  a aovlng  target  so  that  tha  progressive 
adjustaants  do  not  necessarily  convergs  to  zero. 

An  exaaple  of  such  a nodal  la  the  following: 


- f(A^) 

(131) 

Vi  " N " “^’'t " ^t-1^  ^^t  ■ \-l^  ^ I \ " Vl  I • “ ^ 0 • 

where  A^  la  total  advertising  expenditure  and  la  total  profit 
In  period  t . According  to  the  first  equation  In  (131) , total  profit 
la  a function  of  tha  current  level  of  advertising  expenditure,  and 
according  to  the  second  equation,  the  current  diange  In  advertising 
outlays  will  have  the  seas  sign  as  the  preceding  change  provided 
total  profit  roes  as  a result,  but  will  have  the  opposite  sign  If  total 
profit  fell.  Quantitatively,  the  absolute  chenge  In  the  level  of 
advertising  expenditure  each  period  la  equal  to  a tlaes  the  previous 
period's  absoluta  diange  In  the  level  of  total  profit. 

The  second  type  of  aodal  used  to  describe  the  tlaa  path  of 
the  flra'a  decisions,  the  rula-of-diuib  aodal,  la  the  subject  of  the 
next  subsection. 

2.  A Mark-Up  Pricing  Nodal 

Tha  aodam  corporate  entarprlae  typically  producaa  a great 
variety  of  prodoeta  that  It  sella  In  aany  different  aarkets.^^^ 
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On*  of  the  aost  o 


oaaon  nilea  of  Chuii>  la  tiia  atandard  aaik-up 

policy,  auch  aa  that  usad  by  ratall  ahopa.  Cyart  and  March  taatad  a 

■ark-up  rula  for  dapartaent  a Cora  pricing  of  atandard  Itam  and  fo«md 

chat  cha  alnpla  rula  'dlvlda  aach  coat  by  0.6  ...  and  aova  tha  raault 

to  tha  naarast  .95  ' pradlctad  188  out  of  197  prlcaa  corract 
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to  cha  panny.  Bauaol  and  Stawart  rataatad  Che  Cyart  and  March 
■odel  for  a alallar,  chough  unralatad,  deparCaant  store  In  a different 
city  and  found  that  cha  aark-up  aodal  applied,  but  that  tha  Mrk-up 
applied  to  aoat  Itaaa  had  Increased  (froa  40  percent  Co  45  percent) 
over  tlaa  In  response  to  Increasing  costs.  Thou|h  the  Cyart  and 
March  aodal  exhibited  raaarkabla  accuracy  In  predicting  prices.  It 
neither  explains  why  tha  aark-up  waa  originally  sat  at  40  percent 
nor  gives  sny  clues  as  Co  why  or  how  tdia  aark-up  would  dianga  over 
tins. 

One  Mms  of  dstaralnng  tiia  aask-up,  and  at  tha  aaas  Clas  ahowlng  ^ 

that  aark-up  pricing  aay  be  consistent  with  profit  aaxlalsatlon.  Is  cha 
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following.  Suppoaa  that  tha  average  variable  cost  of  production, 

AVC  , Is  constant  and  that  the  flra  sets  price,  P , by  applying  a 
standard  proportional  aark-up  a to  average  varlibla  coat.  Than 

P - a • AVC  . (132) 

Since  average  vsrlAble  cost  Is  constant,  aarglnal  cost,  MC  , and 
average  verldble  cost  aiiet  be  equal.  To  aaslalse  total  profit  the 
flra  auet  equate  aerglnal  revenue  and  aarglnal  cost.  Letting  Q 


raoraaant  the  level  of  outeut.  thia  raeulvaa  chat 


( 


vhcr*  n 1*  the  price  elasticity  of  dcaand.  But  since  MR  > NC  - AVC  , 
substituting  AVC  for  MR  In  (133)  and  solving  for  P yields 


- (^)  • AVC  . 


(134) 


which  laplles  that  the  optlasl  aaifc-up  In  (132)  Is  only  s function  of 
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the  price  elasticity  of  deaand.  Pros  (134)  It  can  be  seen  that  the 

mark-up  will  Increase  as  demand  becomes  less  price  elastic  (l.e.  as 

n fells)  end  that  price  will  rise  either  as  demand  becomes  less  elastic 

324 

or  as  average  variable  cost  Increases.  Such  a model  explains  both 

the  size  of  the  mark-up  and  how  It  would  be  expected  to  change  over 
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tlms.^" 


3.  Evaluation  of  the  Behavioral  Models 


The  behavioral  approadi  has  been  diaracterlzed  as  one  that 


strives  for  ' realism  In  process'  , In  contrast  to  the  managerial  approach 
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that  alms  toward  'realism  In  motivation'.  This  represents  a atrength 
and  at  the  same  tins  a weakness.  The  behavioral  simulation  models 
esphaylse  the  process  of  declsl on-making  within  actual  firms » where 


goals  continually  changa  and  the  firm  undargoes  a learning  process 

through  idildi  It  continually  adapts  Its  goals  and  Its  behavior  In  ll^t 

of  Its  experience.  But  In  order  that  the  theory  be  given  sufficient 

precision  and  sufficient  generality  that  It  can  be  useful  for  predlc- 
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tlon  on  a wide  seals » It  must  ba  given  a good  deal  more  content. 

In  order  to  use  the  behavioral  models  to  study  any  slngla  firm  it  la 
necasssry  to  know  a great  deal  about  that  organisation's  responses  to 
different  stimuli.  The  behavioral  theories  achieve  realism  but  also 


give  rlac  to  certain  aablgxiltlee  not  preaent  in  the  traditional  and 
■anagarial  thaoriaa.  Depending  on  the  goala  of  the  coalition  naabara 
and  the  nature  of  each  organization 'a  internal  bargaining  ptoceaa,  two 
organicationa  aay  reapond  differently  to  the  atianili  under  iden- 

tical circuaatancea.  To  the  behavlorallata  thia  variability  in  reaponae 
would  undoubtedly  be  viewed  aa  one  of  the  atrengtha  of  their  aodela, 
but  to  an  econoalat  prlaarlly  intereated  in  the  predictive  uaefulneaa 
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of  Bodela  of  the  fira,  it  would  Juat  aa  likely  be  viewed  aa  a weakneaa. 
However,  ea  long  aa  the  behavioral  contrlbutiona  are  aeen  in  the  proper 
light  -*  aa  atte^>ta  to  deacrlbe  the  decialon-aMking  proceaaea  within 
flraa  and  to  deal  with  prbbleaa  of  reaource  allocation  within  firaa, 
rather  than  aa  an  effort  to  aupplant  the  traditional  theoriea  — their 
aignificance  ia  sore  eaaily  appreciated. 

Poaaibly  an  even  sore  iaportant  outcoae  of  their  work  haa  been 
the  recognition  that  a wide  range  of  bualneaa  deciaiona,  which  are  not 
critical  to  the  organization* a continued  exiatence  end  for  which  auffi- 
dent  infonation  with  which  to  detemine  the  profit  naxinlzing  courae 
of  action  nay  be  lacking,  are  nade  on  the  baaia  of  rulea  of  thuib. 

For  exanple,  for  a conpany  that  aella  thouaanda  of  itena,  the  additional 
profit  that  nay  reault  fron  nora  afficient  pricing  of  any  one  iten  nay 
not  Juatlfy  the  coat  of  gathering  the  needed  infomation  and  carrying 
out  the  raqulrad  calculationa . That  ia,  there  exiat  tranaactlona 
coata,  aa  well  aa  eoata  aaaociated  with  the  aearch  proceaa  that  precedea 
tranaactlona,  that  are  a real  part  of  the  profit  naxinlzing  calculationa, 
but  that  are,  in  general,  left  out  of  the  nodela  of  the  fim.  The 
exiatence  of  auch  eoata  iapliaa  that  the  adoption  of  reaaonable  rulea 
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and  also,  that  tha 


of  thuab  sight  ba  a rational  couraa  of  action, 


firm  could  ba  axpactad  to  continua  oparatlng  in  thla  manner  until 


batter  Information  gathering  or  batter  analytical  tedtnlquea  becoi 


available 


In  order  to  auHMrIze  the  diactiaalon  of  the  behavioral  modela 


themaelvea,  the  dlatlngulahlng  featurea  of  theae  modela  are  aet  out 


Table  11-17  Summary  of  Behavioral  Modela 


behavioral 


In  general,  the  behavioral  modela  are  Intended  aa 
a aupplement  to,  rather  than  aa  a aubatltute  for, 
the  conventional  theory  of  the  firs.  The  behavioral 
modela  strive  for  'reallam  in  proceaa',  rather 
than  'reallas  In  motivation*.  They  attempt  to 
describe  the  declalon-maklng  processes  within 
actual  flrsa. 

In  general,  the  behavioral  models  are  non-optlmlaatlon 
simulation  sodels  that  are  designed  to  explain  the 
Internal  workings  of  the  firm,  rather  than  to 
characterise  some  optimal  set  of  operating  policies. 
The  coiQtonents  of  these  models  are.  In  general,  of 
the  following  two  types: 

- learning  process  models  (see  (131)  In  text)  that 
seek  to  explain  the  tlom  path  of  a firm's 
decisions  In  terms  of  an  Iterative  process, 

and 

- rule-of-thuab  models  (see  (134)  in  text)  that 
seek  to  explain  the  time  path  of  the  firm's 
decisions  In  terms  of  decision  rules  that  may 
be,  in  actual  practice,  optimally  Imperfect. 


Discussion 


I.  THE  VICXEIS  NDDEL  AND  THE  ROLE  OF  FINANCE 


In  Che  models  dlscueaed  thus  far  the  problem  of  financing  the 


activities  of  the  firm  was  given  only  a very  superficial  treatmant 


In  Che  traditional  models  discussed  In  sections  B through  E,  the 


flnsnclal  decisions  the  firm  must  mAs  were  subsumed  within  the  general 


•quiUbrlua  analysis  of  a aailcet  econoay,  and  hanca,  wara  not  traatad 

axpllcltly  within  any  of  the  aodals.  Thesa  traditional  aodals  wars 

concerned  with  production  decisions  alaost  axcluslvaly.  In  the  aodals 

discussed  In  sections  F and  G,  the  role  of  finance  was  Halted  to  the 

long  tera  financing  of  corporate  growth,  and,  with  the  exception  of 

the  Bauaol  and  Harris  growth  naxlalzatlon  aodals,  each  aodel  assuasd 
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that  all  Investaent  funds  were  raised  Internally.  While  tills  treat- 

aent  was  adequate  given  the  assuaptlons  of  certainty  and  perfect  capital 

aatfcets,  the  actual  business  envlronaent  does  not  confom  with 

these  assuaptlons.  For  this  reason.  It  Is  necessary  to  give  the  role 

of  finance  aore  explicit  consideration. 

Before  the  role  of  finance  can  ba  discussed.  It  Is  necessary  that 

the  distinction  between  financial  capital  and  real  capital  be  clearly 
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aade.  Heal  capital,  which  consists  of  plant  and  equlpaant,  land, 

and  Inventorlas,  Is  a factor  of  production.  Financial  capital,  whldi 

represents  the  generalised  purdiaslng  power  with  which  real  capital, 

as  well  as  labor  services  and  raw  aaterlals,  are  purchased.  Is  not. 

Ideally,  real  capital  should  be  awasured  In  physical  units.  However, 

since  real  capital  Is  not  hoaogeneous,  atteapts  to  aggregate  different 

quantities  of  capital  Into  a single  naasure  have  led  to  conceptual  as 

wall  as  practical  difficulties.  Traditionally,  both  real  capital  and 

financial  capital  have  been  asasured  In  dollar  tens,  though  In  the 

case  of  the  forasr,  the  dollar  aeasure  Is,  at  best,  a surrogate  for 
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the  pure  physical  aaasure  that  Is  lacking.  Unfortunately,  because 

o 

both  types  of  capital  are  asasured  In  dollar  terns.  It  Is  possible 
to  confuse  then.  It  deserves  to  be  enphaslsed  that  the  two  are  differ- 
ent, and  that  one  denotes  a physical  quantity  of  productive  resources. 


I 


O 
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while  the  other  denotee  a aoney  aeasure  of  the  firm* a financial 
reaourcea.  In  the  course  of  production  the  firm  coablnes  real  capital 
with  amounts  of  the  other  productive  resources  to  produce  output.  But 
In  order  to  command  these  factor  services,  the  firm  must  first  obtain 


the  necessary  purchasing  power,  l.e.  the  necessary  financing,  through 
either  retained  earnings  or  the  Issuance  of  financial  securities 


(Including  notes  Issued  to  banks) . One  of  the  Important  questions 
with  which  this  section  deals  Is  the  relationship  between  the  firm's 
production  decisions  (Including  how  much  real  capital  the  firm  should 
Invest  In)  and  Its  financial  decisions  (including  how  It  should  finance 
the  desired  level  of  investment). 


Until  recently  the  theories  of  production  and  of  finance  had 


"developed  along  remarkably  Independent  paths.”  While  the  role 
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of  finance  was  not  ignored  completely.  In  the  words  of  Vickers: 


The  microeconomics  literature,  in  addressing 
Itself  to  the  theory  of  the  firm,  has  been 
preoccupied  with  a solution  to  the  firm's 
production,  factor  use,  price,  and  output 
problems,  to  the  virtual  exclusion  of  the 
questions  of  capital  Investment  and  financing 


Neoclassical  production  models  have  not  needed  securities  markets 


because  the  assumption  of  profit  maximization  leads  to  a complete 

diaracterlzation  of  the  single  period  equilibrium  position  of  the  firm 

idien  the  firm's  environmsnt  is  certain  and  when  capital  markets  are 
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perfect,  both  of  whldi  the  traditional  theory  assumes.  The  reason 
for  this  is  thst,  under  the  assumptions  of  certainty  and  perfect 
capital  markets,  the  production  decisions  and  the  financial  decisions 
of  the  firm  are  separable  (l.e.  they  can  be  made  Independently  of  one 
another) , at  least  in  general  equilibrium.  Moreover,  as  discussed 


belov,  this  separability  resalns  even  under  uncertainty,  provided 

340 

capital  aaikets  are  coaplete.  But  as  the  next  subsection  describes 

when  Mikets  are  Imperfect,  say  due  to  the  existence  of  transactions 
341 

costs  or  taxes,  or  when  uncertainty  Is  present  (and  markets  are 
342 

Incomplete),  the  firm's  production  decisions  and  Its  flnsnclal 
decisions  are  no  longer  separable,  and  It  becomes  necessary  to  consider 
the  role  of  finance  explicitly  In  modeling  the  firm's  production 
decisions. 

Just  as  the  traditional  models  of  the  firm  did  not  treat  the  role 

of  finance  explicitly,  so  the  pathbreaking  models  of  financial  equlll- 
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brlum  due  to  Sharpe,  Llntner,  and  Mossln,  which  contributed  signi- 
ficantly to  a better  understanding  of  the  workings  of  capital  asset 
markets  and  Investors'  selections  of  optimal  portfolios  of  risky  assets, 
took  the  firms'  production  decisions  as  given  and  therefore  had  nothing 
to  say  concerning  the  relationship  between  the  firms'  production  deci- 
sions and  stock  market  equilibrium.  It  was  not  until  some  years  later 

that  Diamond  and  others  began  to  examine  the  firm's  production 

344 

decisions  In  the  context  of  stock  market  equilibrium. 

There  were  some  earlier  attempts,  however,  to  build  partial 

equilibrium  models  that  llnkad  tha  Inveatmant  and  financing  decisions 

of  the  firm.  Some  of  the  earliest  ware  the  dividend  capitalisation  models 
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due  to  Gordon  and  Shapiro  and  Walter.  The  various  decision  rules 

that  amarged  from  thw  aarly  modals  tanded  to  be  contradictory  In 

that  tha  different  models  would  often  Imply  different  decisions  under 
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Identical  sets  of  conditions,  which  Sendiadc  attributes  to  the 

varying  mlxturas  of  stringent  assumptions  concerning  sudes  of  financing, 
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the  time  structure  of  market  discount  rates,  and  so  on. 
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I 


I 


: ( 


More  recent  efforts  have  been  directed  toward  relaxing  aoae  of 

these  restrictive  '^-^suaptions . Lemer  and  Carleton  modified  the 

Gordon  growth  model  and  developed  a sophisticated  model  that  integrates 

348 

the  firm's  Investment  and  financing  decisions.  Their  equity  valuation 

model  takes  into  consideration  product-,  factor-,  and  financial-market 

constraints  as  well  as  investor  expectations  regarding  the  firm's  rate 

of  return  and  retention  ratio.  Davis  extended  the  Lemer-Carleton 

comparative  statics  (i.e.  single  period)  framework  to  a multiperiod 

framework  by  formulating  his  model  as  an  optimal  control  problem  in 

which  the  objective  function  expressed  the  share  value  as  a ftmctlon 

of  the  discotmted  flow  of  dividends  (as  in  the  Gordon  model)  and  in 

tfhidi  there  were  two  constraints  (in  the  form  of  differential  equations) , 
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one  on  market  price  valuation  and  the  other  on  capital  expansion. 
Subsequently  Krouse  adopted  a control-theoretic  approadi  to  develop  a 
model  permitting  market  imperfections  (in  particular,  transactions 
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costs  on  new  equity  issues)  and  a time-varying  market  rate  of  discount. 

Krouse 's  model  excluded  debt  finsncing,  and  Senchack  later  generalized 

351 

on  Krouse 's  results  by  permitting  debt  financing. 

In  view  of  the  extensive  efforts  made  toward  Incorporating  finan- 
cial considerations  into  models  of  the  firm,  it  should  be  apparent 
that  die  firm's  production  and  financial  decisions  are  related.  Yet, 
in  view  of  the  debate  that  went  on  for  many  years  (and  that  does  not 
appear  to  this  writer  to  have  been  resolved  completely)  it  is  worth 
pausing  to  explore  those  conditions  under  whldi  the  firm's  financial 
policy  sMy  be  considered  independent  of  its  operating  decisions. 

Following  that  discussion  two  models  of  the  firm  that  give  finance  an 
important  role  to  play  will  be  presented. 
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1.  Does  the  Fin's  Flnanclel  Policy  Really  Matter? 


According  to  the  traditional  view  of  capital  structure  and 

market  valuation  In  the  finance  literature,  there  exists  for  each  firm 

an  optimal  capital  structure  — mix  of  debt  and  equity  — that  slmultan- 
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eously  minimizes  the  firm's  cost  of  capital  and  maximizes  the  market 
353 

value  of  the  firm.  At  the  opposite  extreme  lies  the  Modigliani 
and  Miller  view,  according  to  which  the  fin's  cost  of  capital  and 
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total  market  value  are  Independent  of  the  fin's  capital  structure. 
According  to  the  traditional  view  expressed  In  the  finance  literature, 
the  market  value  of  the  fin  Is  a function  of  both  its  Investment  poHcy 
and  Its  financial  policy,  whereas  the  Modigliani  and  Miller  view  main- 
tains that  the  urket  value  of  the  fin  Is  based  on  the  fin's  Investment 
1 355 

policy  only. 

The  traditional  financial  argument  regarding  the  fin's  capital 
structure  Is  essentially  the  following.  As  debt  is  first  Introduced 
Into  the  fin's  capital  structure,  the  overall  cost  of  capital  decreases 
and  the  market  value  of  the  fin  Increases.  This  Is  due  to  the  fact 
that  bond  Interest  payments  are  tax  deductible  whereas  dividend  payments 
are  not,  whldi  has  the  effect  of  reducing  the  fin's  cost  of  raising 
capital  os  the  proportion  of  debt  Increases.  As  the  proportion  of  debt 
Is  steadily  Increased,  however,  the  fin's  fixed  Interest  obligations, 
which  must  be  met  out  of  profits.  Increase.  Since  the  fin  must  satisfy 
thase  obligations  or  else  go  banknq>t,  the  Increasing  proportion  of 
debt  causes  the  fin's  risk  of  bankruptcy  to  Increase.  Eventually 
the  affect  of  the  Increased  risk  of  bankruptcy  will  outweigh  the  effect 
of  the  tax  advantages  associated  with  debt  Issuance  and  will  cause  the 
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f Ira's  aarket  value  to  fall  and  its  cost  of  capital  to  rise.  In  between 

there  lies  a range  of  values  for  the  proportion  of  debt  In  the  flra's 

capital  structure  within  trhlch  the  cost  of  capital  Is  alnlsdsed  and 

358 

the  aarket  value  of  the  flra  Is  aaxlalzed.  The  traditional  financial 

view  of  the  Importance  of  the  flra's  capital  structure  Is  Illustrated 
359 

In  figure  11-21."’ 
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Figure  11-21:  The  Flra's  Optlaua 
Capital  Structure(s) 
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Modigliani  and  Hiller  argue  that  both  curves  In  figure  11-21 
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are  horizontal,  given  the  flra's  Investment  policy  and  provided 

361 

that  capital  markets  are  perfect.  They  argue  that  "the  type  of 

Instrument  used  to  finance  on  Inveetment  Is  Irrelevant  to  the  question 

362 

of  whether  or  not  the  Investment  Is  worthwhile."  That  Is,  they 

argue  that  the  financing  decision  and  ths  Investment  decision  are 

. - 363 

separable. 
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Modigliani's  and  Hiller '■  conclusion  chat  Cha  fin's  debc>equlty 

■lx  la  Indeterminate  even  under  uncertainty  requires  that  assuaptlons 

In  addition  to  the  perfect  aarkets  assuaptlon  be  Bade.  In  their 

original  analysis  Modigliani  and  Miller  aasuaed  a zero  default  risk, 

so  that  all  bonds  were  riskless  assets  and  perfect  substitutes  for  one 
365 

another.  Mossln  and  Baron  have  shown  that  the  market  value  of  the 

fin  remains  Independent  of  the  fin's  capital  structure  even  when 

default  risk  Is  present  (l.e.  when  the  probability  of  the  fin's  going 
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bankrupt  is  positive),  but  Baron's  paper  and  the  earlier  work  of 

Hlrshlelfer  indicate  that  this  requires  the  existence  of  a set  of 

complete  markets  for  contingent  claims  and  the  absence  of  any 

bankruptcy  penalties,  sudt  as  the  legal  costs  of  liquidating  the  fin 

and  the  opportunity  cost  of  Investors'  capital  tied  up  In  the  fin 
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during  the  liquidation  process. 

The  significance  of  perfect  and'cooplete  markets  Is  that  each 

Individual  can  create  return  opportunities  equivalent  to  those  that 

36d 

can  be  created  by  a fin  as  It  alters  its  capital  structure.  By 
selecting  Its  Investment  policy  so  as  to  maximise  the  equilibrium 
market  value  of  Its  outstanding  securities,  the  fin  la  maximising 
eadi  Individual  Investor's  waalth.  Given  a sat  of  sacurltles  and  a 
sat  of  (aqulUbrlum)  prices  for  those  securities,  the  existence  of 
complete  capital  markats  enaurss  that  tha  fin  will,  by  maximizing 
Its  (equilibrium  market  value,  also  anable  eadi  Individual  investor 
to  adileve  tha  widest  possible  range  of  Investment  opportunities. 

Since  the  existence  of  perfect  capital  markats  permits  eadi  Individual, 
by  definition,  to  borrow  or  land  at  tha  prevailing  Intanst  rate  (and 
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th«  ••■e  Intense  rsts  at  whldi  fins  can  borrow  or  land) , tha  exis- 

tenca  of  perfact  and  coaplata  capital  Mrkets  perwits  aadi  Individual 

to  adilava  his  Boat  daslnd  pattarn  of  nturns  Indapendant  of  the  firs' a 

diolca  of  capital  structun.  In  such  a world  debt  and  equity  bacons 

■anly  alternative  waya  of  channeling  ownanhlp  clalna  to  incone 

stnana  for  Invaatoxs,  and  the  narket  value  of  the  flrn  dapanda  only 

369 

on  the  total  Incone  stnan  and  not  on  how  It  la  channeled. 

Having  ncognlaad  Chat  tha  Indaternlnancy  of  the  flrn'a  debt- 
equity  ratio  dapanda  on  tha  axlatance  of  perfect  and  coaplete  aarketa. 

It  bacones  easier  to  reconcile  Modigliani's  and  Millar's  claln  chat, 
given  the  flm'a  InvestnanC  policy.  Its  capital  structure  la  Irrele- 
vant with  the  recently  expressed  fears  that  In  Anerlcan  industry  "debt 
has  grown  excessively  In  relation  Co  aqtilty  ...  and  as  capital,  it  Is 

absolutely  Infarlor;"^^^  Chat  only  recently  have  equities  markets 
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appeared  receptive  to  new  Issues;  and  that  "there  Is  a tiny  group 

of  conpanlas  that  can  raise  new  equity  capital,  a larger  group  chat 

can  raise  debt  capital,  and  a vary  large  group  that  cannot  raise  any 
372 

capital  at  all."  In  the  real  world  narfcets  are  Inparfact  and 
373 

Inconplata.  Thus,  tha  flm's  capital  structure  Is  not  Irrelevant 

and  In  general  "tha  coat  to  a flm  of  obtaining  capital  Is  a function 

374 

of  Its  capital  structure." 

A second  aspect  of  the  flm's  financial  policy  Is  Its  dividend 
policy.  Modigliani  and  Millar  ahowad  that  in  a world  of  perfect 
capital  natkats  the  narkat  value  of  the  flm's  equity  Is  Independent 
of  Che  flm's  dividend  policy. As  In  thalr  earlier  raault  con- 
cerning the  Indaternlnancy  of  the  debt-equity  nix,  tha  flm's  operating 
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pollclas  am  given  and  tha  raault  holds  even  under  uncertainty. 
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r 1 


or  oqulvalontly,  chat 


P(t)  - ^ Id(t)  + p(t+l)]  . 


(137) 


i ( 


Equation  (136)  haa  cha  following  IntarprataClon.  In  aqulllbrlua  In  a 
world  dtaracterlzad  by  cartalncy  and  parfact  capital  aarkcta,  tha 
ylelda  on  all  aacurltlaa  mat  ba  Idantlcal  and  aqual  to  Cha  rlsklaaa 
rata  of  Intaraatt  p(t)  . Tha  left-hand  aide  of  (136)  la  Intarpreted 
aa  the  yield  on  each  equity  ahare  expreaaed  aa  the  aun  of  the  dividend 
yield,  percentage  Increaae  In  share  value  (l.e. 


percentage  capital  gain) , 


. Equation  (137)  expresses 


Che  sane  equlllbrlun  condition  aa  (136).  The  Interpretation  of  (137) 
Is  that  the  share  price  at  tha  beginning  of  eadi  period  nuat,  In 
equlllbrlun,  equal  Che  discounted  value  of  tite  sun  of  dividends  paid 
during  the  period  and  the  share  price  at  the  and  of  Che  period. 

Hultlplylng  eadi  side  of  (137)  by  n(t)  and  slnpllfylng  by 
using  (135)  yields 


V(t)  - 


1 + P(t) 


lD(t)  + n(t)  p(t+l)l 


lD(t) +V(t+1) -n(t+l)  p(t+l)l  . (138) 


Equation  (137)  Is  one  way  of  characterising  tha  equlllbrlun  price  of 
each  share.  Equation  (138)  la  cha  analogoua  characterisation  for  the 
equlllbrlun  atock  narfcet  value  of  tha  flm,  l.a.  for  cha  aggregate 
stock  natkat  value  of  all  aharss  outatandlng.  Tha  IntarprataClon  of 
(138)  la  that  tha  atock  narfcet  value  of  Cha  flm  at  die  beginning  of 
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•ach  parlod  aust.  In  aqullibrluB,  aqual  tha  dlacountad  valua  of  tha 

auB  of  nat  dlvldands  (i.a.  total  dlvldanda  paid,  D(t)  , laas  taceipta 

from  nav  shaxa  laauaa,  ■(t-fl)  • p(t-fl))  and  tha  atock  aarkat  value 

of  tha  fixa  at  tha  and  of  tha  parlod. 

Equation  (138)  lapllaa  that  tiia  flra'a  dlvldand  daclalon 

affacta  tha  currant  aarkat  valua  of  Ita  aqulty,  VCt)  (and  Ita  currant 

ahara  price,  p(t))  In  tuo  conflicting  waya:  directly  via  D(t)  and 

3ft) 

Indirectly  via  -a(t'fl)  p(t-t-l)  . In  a certain  world  In  which  capital 
aaxkata  are  perfect  thaaa  affacta  cancel  each  other  out.  To  aaa  thla, 
note  that  If  tha  flra'a  operating  pollclaa  are  given,  ao  that  tha 
level  of  Inveataent,  I(t)  , and  the  current  perlod'a  nat  Incoae, 

X(t)  , are  to  reaain  conatant,  than  a hl^ar  dividend  payout  la  poaalbla 
only  If  tha  aaount  of  new  capital  ralaad  froa  external  aourcea  la 
Increaaad  by  juat  anou^  to  facilitate  tha  Incraaaa  In  D(t)  while 
I(t)  and  X(t)  are  held  conatant,  I.a.  tha  dlvldand  payaent  la 

381 

financed  froa  outalda  tha  flra  (by  new  ahare  aala  or  new  borrowing) . 

Tha  aaount  of  outalda  capital  needed  by  the  flra  la 

a(f»-l)  p(fH)  - I(t)  - [X(t)  - D(t)]  , (139) 

and  aubatlttttlttg  ( ^)  Into  (138)  and  canceling  D(t)  glvaa 

V(t)  - ^ lX(t)  - l(t)  + V(t+1)]  . (140) 

Equation  (140)  raaxpreaaaa  the  charactarlaatlon  (138)  of  tha  equlllbrlua 
atock  aarkat  value  of  tha  flra.  Tha  Interpretation  of  (140)  la  that 
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Ch«  stock  aarkst  valu*  of  tha  firm  at  tha  baglimlng  of  each  period 

■ustt  In  equillbrlua,  equal  tha  discounted  sua  of  net  dividends  (In 

this  case  expressed  as  net  Incoas  less  investaent)  and  the  stock 

382 

asxket  value  of  the  flra  at  the  end  of  the  period.  Since  D(t) 
does  not  appear  In  (140)  and  since  X(t)  , I(t)  , and  V(t+1)  are 
all  Independent  of  D(t)  , It  follws  tiiat  the  current  aarket  value 
of  the  flra  Is  Independent  of  the  current  dividend  decision.  By  pro- 
ceeding In  a slallar  fashion  end  showing  tltat  V(t+1)  Is  Independent 
of  D(t-fl)  , V(t‘f2)  Is  Independent  of  D(t-«-2)  , and  so  on.  It  can 

be  shown  that  V(t)  Is  unaffectad  by  the  flra's  (current  and  future) 
dlvldoid  policy. 

This  proposition  on  the  Irrelevance  of  dividend  policy  seeas 
counterintuitive.  But  the  apparent  paradox  arises  froa  the  tendency 
^ to  overlook  the  laportant  qualification  'given  a flra's  operating 

I policies'.  While  It  alght  seea  reasonable  that  an  additional  cash 

X 

r receipt  would  always  be  welcoasd.  If  the  flra's  operating  policies  are 

i 

j truly  fixed,  dien  this  Increased  payout  requires  that  additional  funds 

j be  raised  externally  — by  selling  new  shares  and  thereby  reducing  the 
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policies  and  not  by  how  the  fin  dioosas  to  'padiatc'  It*  returns  for 

distribution  to  its  shareholders. 

Given  the  strong  assia|>tlons  on  which  the  irrelevance  proposi* 

tlon  rests,  it  should  not  be  surprising  that  a nuAer  of  arguawnts 

have  been  put  forward  and  som  enpirlcel  evidence  has  been  gathered 

that  contradicts  the  proposition.  In  an  uncertain  world  it  also  seeM 

reasonable  that  shar^olders  will  generally  prefer  current  dividends 

387 

to  future,  less  certain,  capital  gains.  There  is  also  sow  eapirl*- 

cal  evidence  to  support  the  arguaent  that,  due  to  aerket  laperfections, 

retained  eemings  ere  a dieaper  source  of  investaent  funds  then  new 

Issues,  and  that  as  a result,  dividend  policy  is  effected  by  Investaent 

policy  (which  deteraines  the  residual  funds  available  for  dlatribution 

as  dividends).  There  is  also  evidence  that,  at  least  over  the  short 

389 

run,  firas  work  to  target  dividend  payout  ratios.  Not  only  would 
this  give  dividend  payaents  e high  'inforaetlonal  content'  for  both 
current  and  potential  shareholders,  but,  to  the  extent  that  dividends 
and  investasnts  coapete  for  the  relatively  United  supply  of  internal 
funds,  it  would  also  cause  investaent  decisions  to  be  affected  by  divi- 
dend decisions  (which  detarnine  the  proportion  of  internal  funds 

390 

sveilable  for  investasnt).  Bence,  there  is  good  reason  to  believe 

that  the  fixa's  dividend  policy  is  not  irrelevant. Yet  Fans  has 

recently  offered  eapiricsl  evidence  that  is  strongly  supportive  of 

Miller  and  Modigliani,  iaplylng  that  whatever  aerket  laperfections 

exist  in  the  reel  world  are  insufficient  to  invalidate  the  proposition 

392 

that  dividend  policy  is  irrelevant. 

By  way  of  sunaary,  the  conditions  required  for  the  fixa's 
financial  policies  its  nix  of  debt  and  equity  and  its  dividend 
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decisions  — to  be  Irrelevent  are  not  strictly  satisfied  in  the  real 
«rorld  corporata  environaent.  Whila  than  doas  axist  sosk  enpirical 
justification  for  assuaing  that  the  fira's  production  and  investaent 
policies  are  separable  froa  its  financial  policies,  this  evidence  is 
not  conclusive.  It  is  the  opinion  of  this  writer  that  a aeaningful 
B»del  of  the  fira  should  allow  for  the  Interaction  of  the  fira's 
operating  and  financial  policies. 

2.  The  Vicken  Hodel 

Douglas  Vicken  has  developed  a single  period  aodel  of  the 

fira  tiiat  integrates  the  fira's  production,  investaent,  and  financing 

decisions.  Vicken  deals  with  uncertainty  by  incorporating  risk- 

adjusted  interest  rates  and  risk-adjustad  capitalisation  rates.  Risk 

394 

is  of  two  types:  business  risk  and  financial  risk.  To  siqilify  the 

395 

analysis  Videen  holds  business  risk  fixed,  but  as  Tunovsky  and 

Arsac  have  since  shown,  allowing  business  risk  to  vary  does  not 

aatcrlally  affect  Vickers's  conclusions . ^ ^ 

Unlike  the  nodela  discussed  earlier  in  this  chapter,  the 

Vicken  aodel  takes  into  account  the  existence  of  risk,  or  synonoaously, 
398 

uncartalnty.  Thera  are  two  aajor  fraaeworks  available  for  incor- 
porating uncartainty  in  a aodel  of  the  fira:  the  aean-variance  fraiawork 
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and  the  tias-state-pnference  fraaswork.  Vicken  aaploys  the  aean- 
variance  fraaework,  as  does  Lintnar,  whose  aodals  an  discussed  in  the 
next  section  of  this  chapter.  Briefly,  within  the  aean-variance 
fraaework,  'the'  decision-aakar  (e.g.  the  fira's  aanagen  or  its 
shareholdan)  has  two  objects  of  choice:  expected  nturns,  as  aeaaund 
by  the  aatheaatleal  expectation  or  soas  other  statistical  aeasun  of 


the  central  tendency  of  retuma*  and  rlak,  aa  BBaanred  by  the  variance, 

the  coefficient  of  variation,  or  aoae  other  atatiaticel  a«aaure  of 

the  dlaperalon  of  retuma,  where,  by  aaaiovtlon,  the  retuma  (e.g.  net 

incoaa)  are  not  known  with  certainty  but  their  probability  diatrlbutlon 

ia  (known  with  certainty) . In  uaing  the  coefficient  of  variation  of 
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net  incoaa  ea  a aurrogate  for  financial  rlak,  Vickera  la  iaplicltly 
adopting  the  aean-verlence  fraaework.  The  aecond  fraaawork  for  incor- 
porating uncertainty  ia  deacrlbed  and  aeverel  aodela  of  the  flra  that 

/ 

eaploy  that  fraaawork  ara  dlacuaaed  below  in  aectlon  R.  Aa  pointed 
out  in  that  auction,  the  aean-varlance  approadi  ia  really  Juat  a 
apecial  caae  of  the  tiaa-atate-preference  approadi  to  aodellng  the 
fira  under  uncertainty. 

Vidiera  developed  hia  aodel  of  the  fira  in  two  atagea:  firat 

apecifying  a profit  aexlalaatlon  aodal  and  then  generallaing  to  a 
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value  aaxlaisation  aodel.  The  profit  aealaiaetion  aodel  ia  tha 
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following: 


aaxiaiae:  ir  - p(Q)  •f(X,  ,X,) -w.X, -w-X,  - r(D)  *0 

{X  , X,,  0}  ^ ^ 

(141) 

aubjact  to:  g(Q)  -f  oX^  BX2  j<  E -t-  D 


whera  r ia  net  Incoaa,  which  ia  to  ba  aasialaed,  p(Q)  expreaaea 

price  aa  a function  of  quantity  deaandad  (i.a.  tha  inveraa  of  the 

deaand  function),  Q ■ f(Xj^,X2)  ia  output,  X^  ia  a current  factor 

of  production  (e.g.  labor)  with  conataat  unit  coat  w,  , X,  ia  a 

B 1 a 

noncurrant  factor  of  production  (a.g.  real  coital)  with  conatant 

D 

(direct)  unit  coat  W2  that  raflaeta  depraclatioo,  obaolaaeanca,  and 
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scarcity  rant  but  doss  not  Include  Interest  charges 


average  rate  of  Interest  on  debt  cepital 


which  is  an  Increasing 


function  of  the  debt  level,  D is  the  debt  level,  E la  the  aanunt 


of  equity  which  is  assumed  constant,  g(Q)  expresses  net  working 


capital  as  a function  of  the  output  level,  and  a and  0 are  the 


money  capital  requirement  coefficients  of  the  current  and  noncurrent 


factors  of  production,  respectively 


The  constraint  in  problem  (141) 


expresses  the  money  capital  constraint.  The  money  ciq>ltal  requirement 


is  expressed  by  g(Q)  -t-  otX.  -f  0X.  and  money  capital  availability  is 


the  sum  of  equity  capital  and  debt  capital,  E D 


is  an  inequality.  Implying  that  requirements  cannot  exceed  availability 


Assuming  prudent  cash  management  on  the  part  of  the  firm,  requirements 


just  balance  money  capital  availability,  tha  constraint  becomes  an 


equality,  and  the  method  of  Lagrange  multipliers  can  be  used  to  obtain 


a characterisation  of  the  single  period  equilibrium  position  of  the 


individual  firm 


The  necessary  conditions  for  an  optimal  solution  to  (141) 


are  the  following: 


V 


where  MR(Q)  > p' (Q)  •£ (X^,X2)  p(Q)  le  aarglnel  revenue.  From 

equation  (144) 


1 . ^0  + r<D) 


(145) 


At  the  optimum  the  Introduction  of  debt  capital  into  the  firm'a  capital 
structure  will  have  been  carried  to  the  point  at  which  the  marginal 
cost  of  d^t  capital,  ^ equals  the  marginal  contri- 

bution of  dd>t  capital  to  net  operating  Income,  or  equivalently,  to 

the  point  at  which  the  marginal  contribution  of  debt  capital  to  net 

, . 408 

Income  is  zero. 

The  Lagrange  multiplier  X gives  the  implicit  price  of  money 
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capital  (in  terms  of  net  operating  income).  In  view  of  this, 
equations  (142)  and  (143)  can  be  rewritten  as 


riKw;  • jF 


(146) 


MR(Q)  -11-  - Wj  + Xlg'(Q)  ||-+  8]  - 0 


(147) 


where  the  left-hand  side  of  each  equation  can  be  interpreted  as  the 
factor  of  production's  marginal  revenue  product  and  the  right-hand 
side  can  be  Interpreted  as  the  factor's  adjusted  marginal  cost,  which 
is  equal  to  the  price  of  the  factor  plus  the  additional  mney  capital 
required  times  its  implicit  price.  Thus,  it  follows  from  (146)  and 
(147)  that,  when  the  firm  is  in  equilibrium,  the  marginal  revenue  product 
of  each  factor  will  excaed  the  factor's  marginal  cost  by  an  amount  just 


t 

I 


^ I 
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•qual  to  the  laputod  marginal  coat  of  the  additional  money  capital 
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required  to  employ  that  factor.  Solving  equation  (142)  for  9f/9X 


and  equation  (143)  for  3f/9x,  ^Qd  then  dividing  yields  the  following 


expression  for  the  marginal  rate  of  technical  substitution  between 


the  Inputs  when  the  firm  is  in  equilibrium 


3f/3X 


MRTS 


which  is  similar  to  the  expression  for  the  marginal  rate  of  technical 


substitution  in  the  (conventional)  neoclassical  model 


in  (148)  the  marginal  cost  of  each  factor  is  adjusted  upward  by  the 


Imputed  marginal  cost  of  the  direct  money  capital  requirement  for 


that  factor.  Equation  (148)  can  be  Interpreted  as  the  requirement  that 


when  the  firm  is  in  equilibrium,  the  marginal  rate  of  technical  sub 


stitutlon  between  the  factors  must  equal  the  ratio  of  the  adjusted 


marginal  costs  of  the  factors.  It  follows  from  (148)  that  when 


and  \ ^ 0 , the  money  capital  constraint  causes  the  ratio 


of  adjusted  factor  prices  to  differ  from  the  ratio  of  unadjuated 
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factor  prices,  thereby  altering  the  firm's  expansion  path. 


Next,  the  product  market  equilibrium  condition  can  be  compared 


with  the  familiar  (conventional)  HR  ■ MC  rule  for  profit  maximisation 


Solving  equations  (142)  and  (143)  for  marginal  revenue  gives 


where  the  tern  in  parentheses  on  the  right-hand  side  of  each  equation 
expresses  aarginal  cost  in  the  conventional  sense.  The  expression  in 
brackets  in  each  equation  expresses  the  additional  amount  of  money 
capital  needed  to  produce  an  additional  unit  of  output.  Hence,  equa- 
tions (149)  and  (150)  state  that,  when  the  firm  is  in  equilibrium, 
marginal  revenue  will  exceed  marginal  production  cost  (l.e.  the  marginal 
cost  of  the  factors  of  production  used  in  producing  the  last  unit  of 
output)  by  an  amount  Just  equal  to  the  imputed  cost  of  the  money 
capital  required. 

The  product  market  solution  for  the  Vickers  model  is  represented 
in  figure  11-22.  The  traditional  solution  is  price  p^  and  output 

where  marginal  revenue  equals  marginal  production  cost  (i.e.  marginal 
cost  in  the  conventional  sense) . 


\ 


a 


marginal  cost  - + A[g'(Q)  + 


i 

•\ 


w. 


marginal  production  cost 


9f/3X, 


MR(Q) 


‘^l  *^0 


output  (Q) 


Figure  11-22:  Product  Market  Solution  for  the  Vickers  Model 
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To  g«ncr«llB*  the  profit  Mxialcatlon  aodol  to  a valua  aaxlBlsa- 

tlon  model  — in  which  the  capitalized  value  of  the  net  Income  stream 

being  generated  for  the  owners  Is  the  quantity  to  be  maximized  — the 

expression  for  net  Income,  ir  In  (141),  Is  divided  by  the  owners' 

capitalization  rate,  p(D)  , which,  for  a given  amount  of  equity,  will 
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be  an  Increasing  function  of  the  amount  of  d^t.  Letting  V 
represent  the  market  value  of  the  firm's  shares  (expressed  as  the 
capitalized  value  of  the  net  Income  stream)  the  Vickers  model  becomes 
the  following: 


I 


maximize:  V - (p(Q)  •f(X^,X2)  - w^X^^  - W2X2  - r(D) -D] 

X. ,X2 ,D} 

(151) 

subject  to:  g(Q)  + otXj^  + 6X2  £ E + D 


where  the  constraint  Is  the  sams  aa  before.  Note  that,  since  only  one 
period's  net  Income  appears  In  the  objective  function  In  (151),  the 
model  Is  still  a single  period  model.  Thou^  value  maximization  is 
not.  In  general,  equivalent  to  profit  maximization  In  (151),  the  trade 
off  that  exists  between  profits  and  market  valuation  Is  atemporal, 
rather  than  Intertemporal,  In  nature.  The  difference  between  the  models 
(141)  and  (151)  Is  that.  In  general,  the  d^t  level  affects  both 
nusmrator  and  denominator  In  (151) , so  that  the  firm  nay  stop  short 
of  profit  maximisation  If  further  Increases  In  the  debt  level  raise 
the  owners'  capitalization  rate,  p(D)  , proportionately  more  than  net 
Income,  s , and  thereby  cause  the  market  value  of  the  firm's  shares, 

V , to  fall.  Thus,  In  the  Vickers  model  profit  maximization  and  value 
maxlmlsatlott  are  not  equivalent  (unless  p Is  a conatant). 
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The  necMasTy  conditions  for  an  optiaal  solution  to  problem 
(ISl)  ere  the  following: 


^ [MR(Q)  • - X'.'(Q)  II-  - X'.  - 0 (152) 


5^  ■ m ■ H;  - *21  - *'•'«»  Ir  - *'6  - “ <*”) 


tp(l»l 


m ■>  * '<“>1  +X'  - 0 


(154) 


From  equation  (154) 


(155) 


which  is  anelogotts  to  (145).  The  Lagrange  multiplier  X'  measures 
the  msrginsl  value  of  money  capital.^^^  Equation  (155)  requires  that, 
when  the  firm  is  in  equilibrium,  the  marginal  contribution  of  d^t 
capital  to  capitalized  net  operating  income  must  equal  the  capitalised 
value  of  its  marginal  cost,  which  in  turn  equals  the  capitalised  value 
of  the  marginal  interest  cost,  ^ • plus  an  amount 

^ V ^ Just  sufficient  to  take  account  of  the  Induced  increase  in 
the  debt  capitalisation  rate,  p(D)  , and  the  consequent  fall  in  the 
market  value  of  the  firm's  shares. 


( 


1 


Next  consider  equeClons  (152)  end  (153) t which  cen  be 


rewritten  es 


I*;;’  - 


(156) 


* >•'  ‘»'«»  % ♦ 6)  . 


(157) 


Equetions  (156)  end  (157)  ere  Interpreted  es  requiring  thet,  when  the 
firm  is  in  equllibrlua,  the  cspltellzed  velue  of  the  aarglnel  revenue 
product  of  eech  fector  (the  expressions  on  the  left-hend  side  of  (156) 
end  (157))  Bust  equel  the  cspltellzed  velue  of  thst  fector 'e  nerglnel 
cost,  w^/p(D)  , plus  the  laputed  earginel  cost  of  the  noney  cepitel 
required.  A'  ff"  + a]  • 

Equetions  (152)  end  (153)  together  yield  en  expression  for  the 
■erglnel  rets  of  technlcel  substitution  when  the  fira  is  in  equillbriua. 
Solving  equation  (152)  for  3f/3Xj^  and  eqtiation  (153)  for  3f/3X2 
and  dividing  the  foraer  by  the  latter  gives 


dX-  3f/3X,  -r+A'a 
i.  m rr-1  - -2 


3f73X, 


(158) 


which  is  enalogous  to  (148) . Equation  (158)  is  interpreted  es  requiring 
that,  when  the  fira  is  in  equillbriua,  the  aerglnal  rate  of  technical 
etd>Btitution  auat  equal  the  retio  of  the  capitalized  velue  of  the 
direct  factor  cost  w^/p  of  the  first  factor  adjusted  upwerd  by  the 
laputed  aerglnal  cost  of  its  direct  aoney  capital  requlreaent,  A 'a  • 


to  the  cepitalized  value  of  the  direct  factor  coat  plus  the  laputed 
aerglnal  cost  of  aoney  capital  for  the  second  factor. 
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In  order  to  • 


rlB*  the  dlscuaslon  of  Vlckera'a  value 


■exlaizaclon  eodel  of  the  firs,  the  dletlngulshing  features  of  the 
■odel  ere  presented  In  table  11-19. 


I 

t 


I 

I 

t 


Table  11-19  SuBMry  of  Vickers's  Value 
Nazlalzatlon  Hodel 


Class; 

Flrn's  Obiectivet 
Constraints! 


Variables; 
EsoEsnoua ; 


Endogenous; 


Decision; 

Finance; 

Certainty /Uncertainty ; 

Equlllbrlun/ 

Dlsequlllbrlun; 

Tine; 

Type  of  Model; 

Solution  Technique; 


aodem  traditional  (see  (151)  In  text) 

naxlnlze  the  stock  narket  value  of  the  flm 
(expressed  In  terns  of  one  period's  net  Incone) 

technological  (enbodled  In  the  production 
function)  and  financial  (the  noney  capital 
constraint);  Inpllcltly,  product  denand  condi- 
tions, the  average  rate  of  Interest  on  dd>t 
capital  and  the  owners'  capitalization  rate 
each  expressed  as  a function  of  the  d^t  level, 
and  the  net  working  capital  requirenent 


direct  factor  costs  (W|  and  w.) > noney  capital 
requirenent  coefficients  (a  ana  S) • and  the 
anounts  of  equity  (E) 

stock  narket  value  (V),  output  (Q) , price  (p) , 
Input  levels  (;l  and  7^2^  t debt  level  (D), 
average  Interest  rete  on^dd)t  (r),  owners' 
capitalization  rate  (p) , and  total  noney  capital 
requirenent  (g(Q)  + + Bxp 

Input  levels  (X^  and  X2)  and  d^t  level  (D) 

external  finance  (dAt  only)  pemltted  (anount 
of  equity  held  fixed) 

uncertainty  allowed  for  (nean-varlance  franework) 


diaracterlzatlon  of  the  equlllbrlun  position  of 
the  flm 

single  period 

static  optlnlzatlon  (nathenatlcal  progrannlng 
problen) 

classical  Lagrange  nultlpllers 


I 


The  VI deers  zndel  Is  noteworthy  for  Its  Integration 


In  both  of  the  nodels  of  the  flm,  (141)  and  (151),  finance, 
and  In  particular  the  aon^  capital  constraint,  played  an  Important 
role.  In  each  case  the  optlnal  solution  to  the  ■stheBStlcal  prograsalnt 
problen  represented  a slaniltaneous  solution  of  the  fin's  production 
and  financing  probleaa  and  led  to  a characterisation  of  the  single 
period  equlllbrlua  position  of  the  fin  In  whldi  factor  costs  and  the 
marginal  cost  of  output  were  adjusted  for  the  Implicit  cost  of  anney 
capital. 

One  limitation  of  the  Vickers  model  Is  Its  single  period 
nature.  Thou^  the  discounting  by  p(D)  in  (151)  might  lead  one  to 
believe  that  Vickers's  value  maximisation  model  Is  a multiperiod  model, 
the  complete  absence  of  any  Inteaporal  profit  trade  offs  and  the 
appearance  of  only  a single  period's  net  income  In  the  numerator  of 
the  valuation  formula  Imply  that  the  fin's  bAavlor  each  period  Is 
belag  modeled  as  being  independent  of  Its  behavior  In  every  other 
period.  Moreover,  If  one  views  Vickers's  valuation  formula  as  the 
formula  for  the  present  value  of  a perpetual  annuity  paying  ir  per 
period  when  the  discount  rate  p remains  constant  forever,  then.  In 
order  for  this  valuation  formula  to  hold,  every  period  must  be  Indis- 
tinguishable from  every  other  period  when  Judged  from  the  standpoint 
of  the  fin  and  Its  bahavlor.  Hence,  both  the  profit  maximisation 
and  the  value  maximisation  versions  of  the  model  are  of  the  single 
period  variety.,  The  next  subsection  describes  a model  that  not  only 
Incorporates  finance,  but  that  also  allows  for  the  growth  of  the  fin. 

3.  The  Herendeen  Modal 

This  subsection  describes  a model  devised  by  James  B.  Herendeen. 

In  the  Herendeen  model  the  fin  maxlmlBes  Its  rate  of  growth  of  total 
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assets  subject  to  a valustioo  constraint  on  pstmLssible  rates  of  growth. 
In  this  regard  It  is  in  the  spirit  of  the  Harris  growth  aodel  discussed 
above  in  section  G.  But  unlike  the  Harris  aodel,  in  which  all  invest- 
ment was  financed  internally  and  in  which  the  role  of  the  firm's 
financial  policy  was  consequently  suppressed,  the  Herendeen  model  gives 
external  finance  a prominent  role  to  play.  One  of  the  firm's  decision 
variables  is  the  leverage  ratio,  which  is  the  ratio  of  dd>t  to  equity, 
and  the  leverage  ratio  influences  both  tfie  average  Interest  rate  on 
debt  and  the  owners'  capitalization  rate.  In  this  regard  the  Herendeen 
model  is  similar  to  the  Vickers  model.  But  unlike  the  Vickers  model. 

In  %fhich  the  market  value  of  the  firm's  shares  was  maxlniEed,  the 
Herendeen  model  assumes  growth  maximization  and  incorporates  the  market 
value  of  the  firm's  shares  in  the  valuation  ratio  that  appears  in  tiie 
model's  constraint  equation. 

The  development  of  the  Herendeen  model  begins  with  a statement 

of  some  basic  accounting  identities.  To  appreciate  better  what  follows 

the  reader  al|ht  find  it  helpful  to  refer  to  the  typical  firm's  balance 

sheet  illustrated  in  table  II-l  and  the  typical  firm's  income  statement 

illustrated  in  table  II-2.  Define  the  following  variables:  E is  the 

book  value  of  equity,  D is  the  book  value  of  total  dd>t,  A is  the 

419  420 

book  value  of  total  assets,  ir  is  net  Income,  L ■ D/E  is 
421 

the  leverage  ratio,  i * i(L)  is  the  average  rate  of  interest  on 

422  423 

borrowed  funds,  p • p(L)  is  the  owners'  capitalization  rate, 

e ■ ir/E  is  the  rate  of  return  on  equity,  p ■ ^ 

return  on  total  assets  (before  deducting  interest  on  indebtedness) , 

and  g is  tha  rate  of  growth  of  total  assets. 
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dl 

HcrandMn  Msuaes  that  7^0  and  — y > 0 for  all  L and 
do  d^D 

that  ^ 0 and  — ^ >0  at  laaat  in  aoaa  interval  containing  the 

424 

equilibrlun  lavarage  ratio.  One  poaaibla  interpretation  that  can  be 
given  this  sat  of  assuaptions  concerning  the  signs  of  the  first  and 
second  derivatives  of  i(L)  and  p(L)  is  that  the  level  of  risk  borne 
by  the  fin  increases  as  its  leverage  ratio,  L , increases,  therdiy 
causing  i and  p to  increase  (at  an  increaaing  rata) . Herendeen 

425 

confines  his  consideration  of  risk  to  a single  footnote,  thou^  in 
light  of  the  footnote  and  his  assumptions  concerning  the  derivatives 
of  1(L)  and  p(L)  it  would  seen  that  he  is  subsuming  the  effects  of 
uncertainty  within  the  functional  forms  of  i(L)  and  p(L)  . Since 
he  implicitly  assuaes  that  1(L)  , p(L)  , and  the  first  and  second 
derivatives  of  aadi  are  known  with  certainty,  his  model  is,  in  effect, 
a model  of  the  firm  under  certainty. 

Continuing  the  devalopsmnt  of  the  Herendeen  model,  net  income 
is  equal  to  gross  profit  minus  interest  payments,  or  in  equation  form, 
Ee  * pA  - ID  . Dividing  each  side  of  this  equation  by  E gives 


J 


(pA  - ID) /B  . 


(159) 


Prom  the  basic  accounting  identity  that  states  that  the  book  value 
of  assets  equals  the  book  value  of  total  d^t  plus  the  book  value  of 
equity,  A • D E , it  follows  that  ^ ■■  • L + 1 , and  upon 

sii>stitution  into  equation  (159) , this  leads  to  the  identity 


e - (L  + l)p  - 1(L)*L  - L(p)  - KD)  + p , (160) 


296 


( 


whldi  statM  that  tha  rata  of  ratum  on  aqulty  la  equal  to  the  rate 
of  return  on  aaaata  plua  the  leverage  ratio  multiplied  by  the  differ- 
ence between  the  rate  of  return  on  aaaeta  and  the  Intereat  rate  on 
debt/^® 

If  all  net  income  la  relnveated.  If  the  firm  malntalna  a con- 
stant leverage  ratio,  and  If  die  rate  of  return  on  aaaeta  remaina 

conatant,  then  die  rate  of  growth  of  total  aaaata  will  equal  the  rate 

427 

ol  return  on  equity,  or  g • e . However,  thla  abatracta  from  the 

firm's  dividend  policy  (assuming  the  firm  pays  no  dividends  as  was 

done  above  la  tantamount  to  assuming  the  absence  of  any  dividend  policy 

whatsoever),  the  possibility  of  new  equity  Issues,  and  corporate 

taxes.  Next,  these  three  factors  are  taken  Into  account.  Define  the 

following  variables:  ir^  la  net  retained  current  earnings,  K la  net 

dividend  payments,  k * K/E  la  the  ratio  of  net  dividends  to  the 

bo(A  value  of  equity,  t la  the  corporate  tax  rate  (assumed  constant), 

and  e^  ■ ir^/E  la  the  ratio  of  net  retained  current  earnings  to  equity. 

Net  retained  current  earnings  la  equal  to  net  Income  less  net  dividend 

payments  and  corporate  taxes  paid,  or  In  equation  form,  - eE  - kE  - teE 

and  dividing  ^trough  by  E gives  e^-(l-t)e-k.  If  all  retained 

earnings  are  reinvested  and  If  L and  p remain  constant,  then 
429 

g ■ e^  , so  that  g may  now  be  expressed  In  terms  of  the  following 
Identity: 


g - (1  - t)e  - k 


(161) 


which  states  that  the  rate  of  growth  of  total  assets  Is  squal  to  the 
rata  of  retun  on  equity  multiplied  by  one  minus  the  tax  rata  lass  the 
ratio  of  net  dividends  to  the  book  value  of  equity. 
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On*  further  aodlflcatlon  of  th*  ospresslon  for  Che  growth  ret* 

of  totel  eeeete  1*  needed,  fiquetlon  (161)  ebstrects  froa  th*  coets  of 

aelntelnlng  th*  conetenc  ret*  of  return  on  eeeete , p . *s  th*  firm 

grows.  In  order  to  aeinteln  any  perticuler  growth  rate,  g , the 

flra  Incurs  real  costs  of  growth  in  the  fora  of  (1)  research  end  devcl- 

opaenC  costs  intended  Co  iaprov*  existing  products  and  Co  develop  new 

products,  (ii)  advertising  expenditures  and  price  reductions  Intended 

to  increase  sales  of  existing  products,  (Hi)  Che  cost  of  locating  and 

developing  new  aackets,  end  (iv)  the  cost  of  bringing  new  people  into 
430 

the  organization.  Herendeen  argues  Chat,  in  general,  these  real 

costs  of  growth  would  tend  to  depress  p , end  the  faster  the  flra 

tried  to  grow,  the  faster  these  cost*  would  tend  to  increase,  end  th* 

431 

greater  would  be  the  downward  pressure  on  p . Following  Herendeen, 

it  is  essusad  that  th*  real  costs  of  growdt  are  proportional  to  net 

432 

incoae  after  taxes  and  dividends.  Letting  B denote  the  total  real 

costs  of  growth  and  b«  B/[(l-c)ir  -K]  denote  Che  ratio  of  the  reel 

costs  of  growth  Co  retained  earnings  (l.e.  net  incoae  after  taxes  less 
433 

dividends),  it  follows  froa  r > eE  and  K - kE  that  b[(l-C)*-k]  • B/E  , 
the  ratio  of  real  growth  costs  to  equity.  Since  the  real  costs  of 
growth  aust  be  sii>trscced  froa  net  retained  current  aemings  in  order 
to  dataraina  the  disng*  in  the  flea's  equity  when  the  fira's  profita- 
bility p is  to  be  aalntslned,  it  follows  that  b[(l-t)e-k]  aust  be 

subtracted  froa  equation  (161) . Th*  growth  rat*  of  total  assets  is 

434 

given  by  th*  following  identity: 

g - (1- t)*-k-bl(l- t)*-kl  - (l-b)((l- t)*-kj  . (162) 
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Substltutlnt  •zprMSlon  (160)  for  • Into  equation  (162)  gives 


Equation  (163)  states  that  tiie  growth  rate  of  total  assets  Is  equal 
to  the  rate  of  return  on  equity  adjusted  for  taxes,  dividend  payments 
and  the  real  costs  of  growth. 


All  that  remains  to  be  done  before  tfie  growth  rate  of  the  firm 
Is  fully  specified  Is  to  express  the  rate  of  return  on  assets,  p , 
as  a function  of  the  firm's  total  output  and  Its  selling  outlays.  Once 
Als  has  been  accospUshed,  substitution  for  p In  equation  (163)  will 
yield  the  firm's  objective  function.  Letting  R be  total  revenue. 


C be  total  production  costs 


and  S be  total  selling  outlays 


then  by  the  definition  of  p given  above 


Further  Jeflne  the  rate  of  revenue 


c ■ C/A  : the  rate  of  selling  outlays,  s * S/A  ; and  the  rate  of 

output,  y - Y/A  , where  Y Is  total  output.  Assume  the  following 

two  functional  relationships:  r • r(y,s)  and  c • c(y)  , where 
2 2 

3r/3y  > 0 but  3 r/dy  < 0 since  the  demand  curve  is  downward-sloping 

2 2 

where  3r/3s  > 0 but  3 r/3s  < 0 due  to  diminishing  returns  to 


additional  selling  outlays 


and  where  dc/dy  > 0 and  d^c/dy  > 0 


l.e.  where  the  marginal  rate  of  cost  Increases  at  an  Increasing  rate 

440 

as  a function  of  the  rate  of  output.  Then  equation  (164)  may  be 


c , and  a 


follows : 


reaxpraased  in  tans  of 


p - r(y,8)  - c(y)  - a . (165) 

Substituting  (165)  for  p into  aquation  (163)  yialds  the  Herendeen 
objective  function: 

g - (1-b)  ((l-t){(L  + l)  (r(y,a) -c(y) -a] -i(L)*L}-kJ  . (166) 

Next,  the  valuation  constraint  la  fomilated.  Let  V denote 
the  market  value  of  the  firm's  equity,  and  v ■ V/E  denote  the  firm's 
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valuation  ratio.  Following  Gordon,  Harris,  and  Herendeen  define 
the  market  value  of  the  firm's  shares  as  the  discounted  flow  of  future 
dividends. 


V - K/(p(L)-g)  . (167) 

Dividing  each  side  of  equation  (167)  by  E , substituting  v for 
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V/E  and  k for  K/E  , and  rewriting,  yields  the  equation: 

g - p(L)  + k/v  ■ 0 . (168) 

Substituting  v , the  exogenously  determined  minimum  valuation  ratio 
o 

considered  safe  by  the  firm's  managers,  for  v in  equation  (168) 
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yields  the  valuation  constraint.  In  aquation  (168)  k/v  is  the 
dividend  yield,  or  the  ratio  of  dividends  per  share  to  the  market  value 
of  the  share.  Equation  (168)  can  be  rewritten  as  p(L)  - k/v  -t-  g , 


whldi  States  that  tha  owncra*  capitalization  rata  (l.a.  the  yield  on 

equity)  la  equal  to  the  dividend  yield  plua  the  growth  rate  (l.e.  the 

, rate  at  which  the  ahare  price  appreclatea,  or  equivalently,  at  which 

AAA 

capital  galna  accrue) . 

According  to  the  Herendeen  model,  the  objective  of  the  firm 

AAS 

la  to  maximize  (166)  subject  to  (168).  In  this  model  of  the  firm 
there  are  only  three  decision  variables:  the  rate  of  output  y , the 
rate  of  selling  outlays  a , and  the  leverage  ratio  L . The  dividend 
rate  k la  assumed  given.  In  reality,  the  firm's  selection  of  a net 
dividend  rate,  k , Is  likely  to  be  a matter  of  concern  to  shareholders. 
In  which  case  p would  vary  as  a function  of  both  L and  k , 
p>p(L,k}  , with  3p/dk  < 0 Permitting  the  net  dividend  rate,  k , 

to  become  a policy  variable  and  setting  v - v^  In  (168)  , the 
Herendeen  model  of  the  firm,  as  modified  by  this  author,  can  be 
expressed  as  the  following  mathematical  programming  problem: 


maximize:  g(y,s,L,k)  - (1-b) I(l-t) {(L+1) [r(y ,a)-c(y)-s]-i(L) •L}-k] 

{y,s,L,k} 


subject  to:  g(y,s,L,k)  - p(L,k)  + k/v  - 0 . 

o 


(169) 


The  necessary  conditions 
csn  be  used  collectively 
growth  psth  of  the  firm, 
the  following: 


for  an  optlsul  solution  to  problem(169) , which 
to  characterize  the  equilibrium  steady  state 
are.  In  addition  to  the  constraint  equation. 


(l-b)(l-t)(L-H)  (|i  - ■^)  (1+X)  - 0 


(170) 
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f 


0 


(171) 


1 


^ - (l-b)(l-t)(L+l)  (|J-1)  (1+X)  - 

^ - (l-b)(l-t)  [ p - ^ L - 1(L)  ] (1-^A)  - A |£  - 0 (172) 

3L  3 

3^  - (l-b)(-l)(l+A)  + A (--^  + :^)  - 0 (173) 

o 

From  equation  (170)  It  follovs  that  In  steady  state  equilibrium 


3r  _ dc 
3y  " dy  ■ 


(174) 


Equation  (174)  Is  Interpreted  to  require  that,  in  order  for  the  firm  to 
be  In  steady  state  equilibrium,  the  marginal  rate  of  revenue  with  respect 
to  the  rate  of  output  must  equal  the  marginal  rate  of  (production) 
cost  with  respect  to  the  rate  of  output.  This  equilibrium  condition 
Is  analogous  to  the  MR  * MC  profit  maximization  rule  In  the  traditional 
model  of  the  firm.  Equation  (171)  Implies  that 


(175) 


Equation  (175)  Is  Interpreted  to  reqtilre  thst.  In  order  for  the  firm 
to  be  In  steady  state  eqtilllbrlum,  the  marginal  rate  of  revenue  with 
respect  to  the  rate  of  selling  outlays  must  equal  one,  which  Is  the 
marginal  rate  of  cost  of  selling  outlays.  Like  (174),  condition  (175) 
Is  analogous  to  the  traditional  model's  rule  that  advertising  outlays 
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■hould  b*  expanded  to  the  point  trtiere  the  addition  to  revenue  (net  of 
production  costs)  resulting  from  the  last  dollar  of  advertising  expen- 
diture just  equals  the  cost  of  advertising  (l.e.  one  dollar).  Equations 
(174)  and  (175)  also  Imply  that 

f ■ U - 0 . (176) 

%dtldi  la  Interpreted  to  require  that,  in  order  for  the  firm  to  be  In 

steady  state  equilibrium,  the  rate  of  change  of  the  rate  of  return  on 

equity  with  respect  to  both  the  rate  of  output  and  the  rate  of  selling 

outlays  must  be  zero.  Conditions  (174),  (175),  and  (176)  imply  that, 

given  total  assets  A , the  growth  maximizer  will  select  the  same 

output  level  and  the  same  level  of  selling  outlays  (exclusive,  of 

course,  of  those  selling  outlays  specifically  Intended  to  promote 
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growth)  as  the  profit  maximizer.  The  reason  for  this  is  that  the 
firm's  managers  wish  to  use  existing  assets  as  efficiently  as  possible 
In  order  to  generate  the  maximum  possible  net  Income,  out  of  which 
dividends  and  taxes  must  be  paid  and  further  growth  must  be  financed. 
From  equation  (172)  It  follows  that 

(l-b)(l-t)p  - (l-b)(l-t)(^L  + KD)  If  , (177) 

which  is  Interpreted  to  requite  that.  In  order  for  the  firm  to  be  In 
steady  state  equilibrium,  the  net  rate  of  return  on  assets  (l.e.  net 
of  taxes  and  net  of  the  real  costa  of  growth)  must  equal  the  net  marginal 
rate  of  d^t  cost,  ^ * KL)) (l-t)(l-b)  , plus  the  Implicit  marginal 


r«t«  of  d^t  coot,  Y+T  II  ’ **  ch«ng*  in  th« 

discount  rate,  p , Induced  by  a change  in  the  leverage  ratio,  L 
Equation  (177)  nay  be  rewritten  aa^^^ 


(l-b)(l-t)|2  - . 


(178) 


which  is  interpreted  to  require  that,  in  order  for  the  flr«  to  be  in 

steady  state  equilibrium,  the  after-tax  rate  of  return  on  equity  (which 

la  figured  net  of  the  real  costa  of  growth)  must  equal  the  implicit 

marginal  rate  of  debt  cost.  Note  that  when  the  discount  rate  is 

constant,  i.e.  |l  " 0 all  L , equation  (178)  implies  that 

- 0 . Thus  with  p constant  the  firm  selects  the  leverage  ratio 

L that  makes  the  rate  of  change  of  the  rate  of  return  on  equity  with 

respect  to  the  leverage  ratio  equal  to  zero.  The  significance  of 

this  result  is  that,  with  k fixed,  maxladzlng  tiie  growth  rate  of 

total  assets  with  respect  to  y , s , end  L necessitates  finding 
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y , s , and  L such  that 


9e  9a  9c  . 

97  97  " ° 


(179) 


Thus,  given  the  firm's  dividend  policy  ss  reflected  in  k and  given 
a constant  rate  of  discount,  p , growth  maximization  becomes  equiva- 
lent to  maximizing  the  stock  msrket  value  of  the  firm  and,  by  (179), 
is  achieved  by  maximizing  the  firm's  rate  of  return  on  equity. 
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t'n 


The  lest  of  the  necessary  conditions  Is  (173),  «#hlch  can  be 


To  interpret  (180) , note  that  the  left-hand  aide  is  the  partial 
derivative  of  the  objective  function  in  (169)  with  respect  to  the  net 
dividend  rate,  k , and  that  the  rl^t-hand  side  is  the  product  of 


“ yTT  partial  derivative  of  g with  respect  to  k in  the 

constraint  equation  of  (169).  Thus  (180)  is  interpreted  to  require 


s , and  L at  their  respective  equlllbriua  values 


the  marginal  Improvement  in  the  growth  rate  resulting  from  a decrease 


in  the  net  dividend  rate,  k , must  equal  the  implicit  marginal  cost 
of  a reduction  in  the  net  dividend  rate  (measured  in  temm  of  the 


resulting  diange  in  g necessary  to  offset  the  effect  of  the  reduction 


in  k and  thcrd>y  ensure  that 


V remains  satisfied)  in  order 


for  the  firm  to  be  in  steady  state  equilibrl 


According  to  the  Herendeen  sndel  (as  sndlfied  by  the  author 
to  include  k as  a decision  variable) , the  firm  maximizes  its  steady 
state  rate  of  growth  of  total  assets  subject  to  a valuation  constraint 
and  accomplishes  this  by  selecting  its  rate  of  output,  rate  of  selling 
outlays,  leverage  ratio,  and  net  dividend  rete  to  satisfy  conditions 


(174),  (175),  (177)  (or  equivalently,  (178)),  and  (180).  The  distin- 


guishing cfaarcterlstlcs  of  the  model  are  summarized  in  table  11-20 


An  important  implication  of  the  model  is  that  the  firm's  growth  rate 
depends  not  only  on  how  profitsbly  it  utilizes  its  existing  assets 


(conditions  (174)  and  (175)),  but  also  on  how  it  obtains  additional 


funds  through  borrowings,  retained  earnings,  and  new  equity  issues 


end  how  its  financial  decisions  affect  risk,  and  indirectly,  the 


Table  11-20  SuMary  of  Herandaan  Modal 


Claaa; 

FlrB*a  Objactlva; 
Conatrainta; 


Varlablaa ; 
Exonenoua ; 


■anagarlal  (aea  (169)  In  text) 

■axlBlEc  tha  growth  rata  of  total  aaaeta 

valuation  conatralnt;  lap licit ly,  product  deaand 
condltlona  (aa  aabodlad  In  rCy^a)).  factor 
aupply  condltlona  (aa  eii>odlad  In  c(y)), 
technology  (aa  aabodlad  In  (r(y,a)  - c(y)),  the 
average  Intereat  rate  on  debt  and  the  ownera' 
capitalization  rata  (each  expraaaad  aa  a function 
of  the  flra'a  leverage  ratio,  with  the  owners' 
capitalization  rate  also  a function  of  the  flra'a 
nat  dividend  rate) , and  the  conatrainta  on  the 
flm's  ability  to  grow  (aa  eabodled  In 
g(y,a,L,k)) 


adnlauB  valuation  ratio  conaldered  aafe  by  the 
flra'a  aanagers  (v  ) , ratio  of  the  real  coats  of 
grewth  to  rctalncd^eamlngs  (b) , and  the  tax 
rate  (t) 


Endoaenoua ; 


Decision: 


Finance: 


growth  rate  of  total  aaseta  (g) , rate  of  output 
(y),  rate  of  aelUng  outlaya  (a),  leverage  ratio 
(L) • nat  dividend  rate  (k) , rate  of  revenue  (r), 
rate  of  cost  (c),  average  Intereat  rate  on  debt 
(1) • and  ownera ' capltsllsation  rata  (p) 

rate  of  output  (y) , rate  of  aelUng  outlaya  (s) , 
leverage  ratio  (L) , and  net  dividend  rate  (k) 

external  finance  pcmdtted 


Certainty /Uncertainty : ef facta  of  uncertainty  aubauaad  within  tha 

functional  forss  1(L)  and  p(L,k)  , ao  that 
die  nodal  la.  In  affect,  a nodal  of  tha  flm 
under  certainty 


Equlllbrlun/ 

Dlsequlllbrlun:  characterization  of  tha  aqulllbrlun  ataady  atata 

growth  path  of  the  flm 


Tins: 

Type  of  Model: 
Solution  Technique: 


nultlperlod 

static  optlnlzatlon  (nathenatlcal  progrannlng 
problen) 

clasalcsl  Lagrange  nultlpllars 


Intarsat  rata  on  debt  and  the  owners'  capitalisation  rata  (condltlona 
(177)  and  (180)).  Maxlnlslng  Ita  growdi  rata  raqulrea  that  tha  flm 
naka  not  only  tha  correct  operating  (l.a.  production  and  Bailing) 
dselslons  but  also  tha  cormet  financial  dnclalona. 


no 


Th«  H«rcnd«cn  aodcl  sharM  auch  in  ci 


with  the  Marrls 


growdi  aodal  (115)  dlscuasad  above  In  section  G of  this  dtaptcr. 

It  could  be  tranafoned  Into  a awnagerlal  aodel  like  Harris's  aanagerlal 


utility  aaxlBltatlon  aodel  (111)  by  letting  v vary  and  by  Introducing 


a managerial  utility  function  Incorporating  v and  g as  defined  by 
equation  (166)  as  arguaents  of  the  new  objective  function.  Such  a model 


by  permitting  finance  a more  expanded  role»  would  be  more  general  In 


Its  treatment  of  the  firm  than  the  Karris  managerial  utility  maximisation 


While  the  Herendeen  model  Is  like  the  Vickers  model  discussed 


earlier  In  this  section  In  that  both  models  Incorporate  risk  and  make 
the  firm's  financial  policy  an  Integral  part  of  the  model,  the  Herendeen 


model  differs  from  the  Vickers  model  and  most  other  models  of  the  firm 


that  appear  In  the  financial  literature  In  that  the  firm  Is  not 


assumed  to  maximize  the  market  value  of  the  enterprise  (or  the  stock 
market  value  of  the  firm's  shares  or  the  share  value) . This  difference 
arises  from  the  Herendeen  model's  assumption  that  "It  Is  the  enter- 


prise, rather  than  the  shareholder,  trho  Is  residual  claimant  against 


One  of  the  uses  to  which  the  Herend( 


to  test  the  behavior  of  the  firm  under  the  alternative  hypotheses  of 


growth  maximization  and  value  maximization.  Herendeen  does  this,  but 


the  analysis  Is  sladlar  and  the  results  obtained  are  In  agreement  with 


those  discussed  In  connection  with  the  Harris  modal  — n^ 


growth  maximizers  tend  to  grow  faster,  retain  a larger  portion  of  their 


earnings,  and  have  a lower  valuation  ratio  than  value  maximizers 


As  the  model  discussed  In  the  next  section  demonstrates,  the  implications 


of  th«  H«r«nd««n  aodol  concornlnt  th«  coaparatlv*  bolutvlor  of  growth 
■udwlzcrs  and  valua  wazlaliarB  conClnua  to  hold  whan  imcartalnty  la 
paralctad. 
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J.  THE  LINTNER  NDDEL:  CORPORATE  GROWTH  UNDER  UNCERTAINTY 

The  Bodela  of  the  flrw  dlacuaaed  In  prevloua  aectlona  have  either 

allowed  for  rlak  and  uncertainty  Indirectly,  or  worae,  have  aaauaed 

preaclence  and  therd>y  abatracted  frow  the  effecta  uncertainty  nay  have 

on  the  flm'a  choice  of  an  optlaal  operating  policy.  The  nodcla  pre- 

459 

aented  above  in  aectlona  B through  H belong  to  the  latter  category, 
while  the  Vlckera  nodel  of  auction  I,  which  aaaoclated  the  flm'a  level 
of  financial  rlak  with  the  coefficient  of  variation  of  net  Incone 
and  which  allowed  for  rlak  by  naklng  the  average  Intereat  rate  on  debt 
and  the  ownera*  capitalization  rate  eadi  an  Increaalng  function  of 
the  flm'a  debt  level,  belonga  to  the  formr  category.  In  addition, 
the  Herendeen  nodal  of  auction  I,  In  which  the  average  Intereat  rate 
on  debt  and  the  owners'  capitalization  rate  are  Increaalng  functlona 
of  the  flm'a  leverage  ratio,  aubauaaa  the  effecta  of  uncertainty  In 
die  functions  1(L)  and  p(L,k),  ao  that.  In  effect,  the  nodel  beconee 
a nodel  of  the  flm  under  certainty. 

What  dlatlngulshea  Llntner's  nodel  fron  theae  earlier  dlacuaaed 
nodels  la  Llntner's  nore  sophisticated  treatnent  of  uncertainty.  The 
nanagers  of  Llntner's  flm  select  optlnal  values  for  the  policy  varle- 
blue  In  order  to  place  the  flm  on  the  long  pjn  expected  growth  path 
that  nexladses  the  stock  narfcet  value  of  the  flm.  But  the  flm  aelecta 
an  expected  rate  of  growth  — the  actual  rate  of  growth  realised  during 
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any  particular  ciat  parted  la  a randon  varldbla.  In  aalacting  Ita 
optlMl  oparatlng  policy  tha  flm  la  actually  datanlnlng  a probability 
dlatrlbutlon  of  groifth  rataa.  Tha  varlanca  of  Chla  dlatrlbutlon  con- 
atltutaa  a rlak  of fact  that.  In  the  contort  of  a rlak  avarae  atodi 
■arkat,  antara  tha  ahara  valuation  fonula  dlractly  In  tha  fon  of  a 
rlak  praaluai  addad  onto  tha  aarkat  rata  of  dlacount.  In  tha  Inharantly 
uncartaln  anvlronaant  within  which  tha  flra  oparataa,  tha  maikat  valua 
of  equity,  which  Llntnar  axpraaaaa  as  tha  prasant  valua  of  tha  certainty 
equivalents  of  tha  prospective  dividend  strean,^^^  la  affected  by  both 
iBcartalnty  and  tha  degraa  of  risk  aversion  prasant  In  the  market  for 
tha  firm's  shares.  Hence,  the  firm's  aalectlon  of  an  optimal  operating 
policy  must  explicitly  taka  Into  account  uncertainty  and  Investors' 
attitudes  toward  risk. 


In  the  Llntner  model  the  firm  plans  for  growth,  but  tha  firm  la 

not  a growth  maxlmlsar.  Llntnar  retains  tha  neoclassical  objective 

function  In  whldi  tha  firm  maxlmlEas  tha  current  stock  market  value 
A61 

of  Its  equity,  and  an  described  below,  Llntner  demonstrates  that 
even  under  uncertainty,  maxlmlalng  the  (expected)  value  of  share- 
holders' equity  does  not  Imply  maximlalng  the  (expected)  growth  rate 
of  the  firm.  The  growdi  maxlnlser  Increases  retentions  until  the 
marginal  growth  rate  Is  sero,  whereas  tha  value  maxlmlser  stops  short 
of  this  point,  increasing  retentions  only  to  the  point  at  which  the 
marginal  gain  — In  terms  of  the  effect  of  Increased  growth  on  the 


share  price  — no  longer  exceeds  the  marginal  (opportunity)  cost  — In 

tarms  of  tha  offset  of  decraased  dividend  payout  on  the  share  price. ^ 

Llntner's  flm  selects  an  expected  rate  of  growth  that  Is  best 
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thought  of  as  a target  growth  path.  It  accomplishes  dils  by 


•electing  veloee  for  Che  retention  ratio  end  whet  he  cello  the  'braic* 

riek  vorieble.^^^  The  fira  edght  otill  coke  edventege  of  unexpected 

ehort  run  opportunitiee,  but  only  to  the  extent  thee  ice  long  run  growth 
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•cretegy  ie  not  coaiproad.ee d.  Thue,  the  fira  in  the  Lintner  model 

cechewe  Che  myopic  profit  uxiaicetion  ixplied  in  the  treditionel 
•ingle  period  optixicetlon  models . The  terget  growth  rete  oelected 
by  the  firm  ie  • eteedy  etete  growtii  rate  in  Oie  oenee  thec  the  fira 
expecto  outleyo  for  reeeerch  end  development,  ouClayo  for  plent  end 
equipment,  operating  coete,  dollar  eelee,  eerninge,  dividend  peymente, 
book  valuee  of  aeeete,  etock  meefcet  value  of  equity,  etc.,  ell  to 
grw  at  the  eame  average  (exponential)  rate.^^^  Becauee  growth  ratea 
are  aid>ject  to  atochaatic  dlaturbancee  theee  varlablee  are  not  aaeumed 
to  grew  at  Che  eame  conetanc  rate  forever  (although  *11  quantitiee 
do  grow  at  the  eame  etodvastlc  rate) , and  thia  more  realietic  treat* 
ment  of  the  grewth  proceee  aveide  one  of  the  llmitecione  of  the  Harrle- 
Cype  ateady  etate  growth  model.  Moreover,  interpreting  the  expected 
growth  rate  eelected  by  the  fira  ae  a target  rate  of  growth  aleo  appeare 
conaietent  with  the  way  in  which  corporate  plannere  behave  in  Che  real 
world. 

Thie  aection  deecribee  die  Lintner  andel  of  corporate  growdi  under 
imcertainty.  The  diecueeion  followe  Lintner '•  development  of  the 
model  by  epecifying  the  model  firet  under  certainty,  then  under  'atable 
uncertainty',  and  finally,  under  'increasing  uncertainty'.  The  dis- 
tinction between  'etdble  uncertainty'  and  'increasing  uncertainty' 
will  be  made  clear  below. 
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1.  Th«  Modal  Undar  Cartalnty 

The  objactiva  of  tha  fin  la  to  aaxlalza  the  current  aarkat 

valua  of  aqulty.  If  capital  Mtfceta  are  perfect,  then  in  capital 

■arket  equlllbrlua  the  currant  dividend  yield  plua  the  rate  of  change 
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of  the  ahare  price  auat  equal  tha  currant  rate  of  Intereat.  Aaaume 

for  alapllclty  that  the  current  rata  of  Intereat,  which  la  denoted  by 

1 , raaalna  conatant  over  tlaa  and  that  all  growth  la  financed  internally/ 

In  aettlng  Ita  operating  policy  the  fin  conaldara  only  thoae  poUclaa 

that  lead  to  ateady  atata  growth.  Denoting  tha  ataady  atata  rate  of 
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growth  by  g , the  retention  ratio  by  r , and  the  current  level 

472 

of  aarnlnga  par  ahara  by  , It  followa  from  the  above 
aaauaptlona  that  the  current  ahare  price,  , ia:^^^ 


P - / (l-r)X  a dt  - -- 

o 0 o i-g 


(181) 


In  maximizing  (181)  tha  fin  will  only  conaldar  for  adoption 
policy  mlxea  that  are  effioiant  In  tha  aanaa  that  for  all  policy  alxaa 
requiring  tiie  aame  retention  ratio,  only  the  one  offering  the  maximum 


growth  rate  would  be  conaldered  for  adoption.  It  la  aaaumad  that  tha 


alternative  efficient  policy  mlxea  are  aufflclantly  numaroua  that  they 
can  be  uaad  to  define  alternative  ataady  atata  growth  rataa  aa  a con- 


tlnuoualy  dlffarantlAla  function  of  r , g ■ f(r)  . The  aat  of 
efficient  policy  alxaa,  aa  defined  above,  haa  the  property  that,  within 


thla  net,  faatar  growth  raqulraa  gnatar  ratantlooa.  It  followa  that 

within  tha  efficient  aat  dg/dr  > 0 for  all  r In  tha  relevant  range. 

Taking  X aa  given,  tha  flrm'a  objective  la  to  aalact  r 
o 

that  maximlaaa  (181) . Differentiating  with  raapact  to  r glvaa 
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dP 
o 

dr 


(182) 


Proa  (182)  It  follows  that 


dP 


jj2  >04=Xl-r)^+B  > 


dr 


(183) 


whldi  lapliss  that  an  increase  In  the  retention  ratio  leads  to  an 

increase  in  the  share  price  so  long  as  the  dividend  payout  of  the 

ds  A 75 

aarginal  increase  in  the  growth  rate  (1  - r)  , plus  the  growth 

rate  itself  exceeds  the  interest  rate  i The  Inequality  (183) 

can  be  interpreted  as  a characterization  of  dlsequllibrlua.  If  the 

fira's  retention  ratio  la  such  that  equality  falls  to  hold  in  (183), 

then  the  flra  cannot  be  in  equillbrlua.  Indeed,  an  Increase  in  dte 

fira's  retention  ratio  would  lead  to  a new  steady  state  growtii  path 

associated  with  idiidt  would  be  a hlAer  share  price  P Rewriting 

o 

(183)  gives 


dr 


(184) 


where  y is  the  current  earnings  yield  on  the  stock.  Since  y > 0 , 

(184)  iaplles  that  die  value  aaxlaizing  fira  will  never  aaxialze  its 

rate  of  growth.  That  is,  whan  the  value  aaxlaizing  fira  is  grwing 

dPo 

along  its  equilibrlua  steady  state  growth  path,  ■ 0 and 

- y^  > 0 , so  that  increasing  the  retention  ratio  would  lead  to 
faster  growth.  But  since  greater  retentions  would  reduce  the  share 
price,  the  value  aaxiaising  fira  will  stop  incrsasing  ths  rstentlon 
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ratio  before  the  growth-Mxlad.Blng  ratio  haa  been  adiieved.  Thia 

• I 

alao  iapliea  that  a growth  maximizer  will  tend  to  retain  a greater 
proportion  of  earnings  than  a value  maximizer.  This  implication  is  in 

i 

agreement  with  the  implications  of  the  Harris  and  Herendeen  models  i 

discussed  earlier. 

In  the  next  two  subsections  the  certainty  model  just  discussed 
is  generalised  to  permit  first,  what  Llntner  calls  'stable  uncertainty', 

I 

and  then,  what  he  calls  'increasing  uncertainty'.  By  way  of  summarizing 
tha  discussion  thus  far,  the  distinguishing  characteristics  of  Lintner's 
certainty  model  are  presented  in  table  11-21. 

2.  The  Model  Under  'Stable  Uncertainty' 

I 

In  this  subsection  the  model  Just  described  is  generalized 
to  permit  'stable  laicertainty ' . The  objective  of  the  firm's  managers 

remains  unchanged,  namely,  to  amxlmlze  the  market  value  of  equity.  i 

The  firm  still  plans  for  growdi,  but  it  is  no  longer  assumed  that  the 

future  consequences  of  current  policy  decisions  are  known  with  certainty.  ^ 

] 

Associated  with  any  policy  mix  is  some  specified  retention  ratio,  r , 
and  an  expected  growth  rate,  g . In  the  presence  of  uncertainty  the 

I 

firm  can  set  its  policies  so  as  to  select  an  expected  growth  rate,  but 
the  actual  growth  rata  realized  over  any  period  will  be  a random  varlabla. 

Consequently  future  dividends  and  stock  prices  are  also  uncertain. 

Following  Llntner,  in  this  subsection  it  is  assumed  that  the  I 

probability  distribution  of  growth  rates  for  time  intervals  of  fixed  j 

477  < 

duration  in  the  future  is  stationary.  In  particular,  thia  impUea 

that  the  variance  of  the  distribution  of  growth  rates  is  constant 

regardless  of  the  futurity  of  the  time  interval  to  which  the 
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distribution  spplisoe  It  is  sssuMd  that  ths  distribution  f. 


% 
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Td>l«  11-21  Suaaary  of  Llntnor's 
Certainty  Hodel 


Class: 

Fira'a  Obiactive: 
Conatraintat 


Variidjles: 
Exogenous ; 

Endogenous ; 


■odern  traditional  (see  (181)  In  text) 

naxlmlxe  the  equlUbrlua  aarket  price  of  a 
share  of  coaaon  stock 

relationship  between  growth  rate  (g)  and 
retention  ratio  (r)  eabodled  In  the  set  of 
efficient  policy  mixes  (g  > f(r));  Implicitly, 
product  demand,  factor  supply,  and  technological 
conditions,  all  of  which  underlie  g ■ f(r) 
and  Halt  the  extent  to  %dilch  additional 
retentions  can  be  used  to  promote  growth 


current  level  of  earnings  per  share  (X  ) and 
current  rate  of  Interest  (1)  ° 

steady  state  rate  of  growth  (g)  and  retention 
ratio  (r) 


Decision: 


retention  ratio  (r) 


Finance: 

Certainty /Uncertainty: 

Equilibrium/ 

Dlsequlllbrlua: 


Time: 


Internal  financing  only 
assumes  certainty 


characterization  of  the  equilibrium  steady  state 
growtii  path  of  the  firm;  In  addition,  dlsequlll- 
brlua (change  In  the  retention  ratio  called 
for  when  the  share  price  Is  not  a aaxlaum)  also 
considered 

aultlperlod 


Type  of  Model:  static  optimization  (mathesuitlcal  programming 

problem) 

Solution  Technique:  unconstrained  optimization  (by  substituting 

f(r)  for  g In  (181)) 


*J 
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of  growth  rates  Is  normal  with  mean  g and  variance  , which 

Implies  that  assets,  total  profit,  dividends,  the  share  price,  etc., 

all  of  whldi  are  growing  at  the  same  expected  rate  g , will  be  log- 

normally  distributed.  In  particular,  If  the  current  dividend  par 

481 

share  Is  , then  the  dividend  per  share  t periods  hence,  , 

is  lognormally  distributed  with  E[ln  D.]  ■ In  D g • t , and,  under 

t o 
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I c 


the  eddltlonal  aaeuaptlon  that  groiftii  rates  In  different  nonoverlapping 

tlae  periods  are  Independent  random  variables,  var  (In  D,.]  t * a . 

' g 

Further  assume  that  (1)  each  Investor  assesses  a Jointly  lognormal 

distribution  of  the  total  returns  (dividends  plus  capital  gains)  over 

all  available  securities  with  respect  to  a common  date  in  the  future 

and  also  assesses  the  distribution  of  returns  from  the  whole  portfolio 

482 

to  be  lognormally  distributed;  (11)  all  Investors  have  hyperbolic 

utility  functions  and  choose  tlielr  portfolios  so  as  to  maximize  the 

expected  utility  of  end-of-perlod  wealth  (l.e.  as  of  the  connon  date 

In  the  future  with  respect  to  which  they  mske  their  assessments  of 

483 

security  and  portfolio  returns) ; and  (111)  the  stock  market  Is 
, 484 

perfect.  Then,  under  these  snd  tha  previously  stated  assumptions. 

In  stock  market  equilibrium  the  current  share  price  la^^^ 


- / D^e**.e““*dt  - / (l-r)X  e“‘^“‘*^dt  - 2,  (185) 

0 0 w • g 


where  It  la  required  that  g < u In  order  that  the  Indefinite  Integral 
exist  and  where 


g - g - -af(o^j) 


(186) 


In  (185)  r and  X are  as  previously  defined  and  u , whldi  serves 
o 

as  the  discount  factor  (and  which  Llntner  assumes  to  remain  constant 
over  time) , Is  the  market  wel^ted  average  of  tiie  shadow  prices  of  all 
Investors'  wealth  constraints  and  la  Interpreted  as  the  shadow  price 

i 

of  the  market's  total  wealth  (l.e.  the  coii>lned  wealth  endowidents  of 
486  — 2 

all  Investors).  In  (186)  g and  are  aa  previously  defined. 


Figure  II>23:  Contour*  of  Ch«  Efficient 
Set  of  Policy  Mine* 

Arguing  thet  a lerger  retention  retio  intended  to  reie*  the 

everege  growth  rete  eleo  tend*  to  increee*  the  variability  of  the 
494  2 

growth  rate,  Lintner  reexpreeaea  Og  aa  a function  of  the  retention 

495 

ratio  and  what  he  call*  the  'baaic*  riak  variable,  v : 

o 

2 2 

a.  • a (r)  <■  v -f  v(r)  • Thia  enablee  (187)  to  be  rewritten  a* 

8 g o 

g - f(r,v^-»-v(r))  » (188) 

where  v(0)  ■ 0 and  v*(r)  _>  0 and  v*'(r)  < 0 for  all  r , Tha 

objective  of  the  fin  beconea  the  aalaction  of  the  optiaal  pair  of 

value*  (v  ,r)  that  aasialsaa  (185)  aubject  to  (188). 
o 
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foUowlns: 


The  necesaary  condltlona  for  Baxlaiaing  (185)  ara  the 
A96 


3P 
o 

o 


" • ..  W~  “ 0 • 0 

o w - B 3v 

o 


(189) 


3P 

o 

IT 


- 0-^(l-r)||+S  -0.  (WO) 


According  to  (189)  the  firm  ahould  select  the  basic  risk  level 
(conditional  on  r)  that  maximizes  the  certainty  equivalent  of  the 
prospective  dividend  growth  rate.  According  to  (190)  the  firm  should 
select  the  retention  ratio  r (conditional  on  v^)  that  equates  the 
sum  of  the  dividend  payout  of  the  marginal  certainty  equivalent  of 
the  proapectlve  growth  rate,  (l-r)  3B/dr  , plua  the  certainty  equiva- 
lent Itaelf,  g , to  the  ahadow  price  of  the  market 'a  total  Inveatable 
wealth  (or  what  may  be  referred  to  aa  the  'rlakleaa  rate  of  Interest') 
u • 

By  expanding  3g/3v^  and  3g/3r  equatlona  (189)  and  (190)  can 

eadi  be  given  a rldter  Interpretation.  Prom  (186)  and  the  Identity 
2 

a > V v(r)  It  followa  that  (189)  can  be  reexpreaaed  aa 

8 o 


(191) 


Thua,  conditional  on  any  particular  valua  of  r , the  firm  ahould 

vary  Ita  baalc  rlak  level  along  the  correapondlng  efficient  contour 

In  figure  11-23  wtll  the  point  at  which  the  alope  of  tha  contour, 

8g/dv  , aquala  aC  , or  equivalently,  until  the  marginal  Improvemant 
o 

In  tha  aageeted  growth  rate  (i.e.  the  margiaal  valua  of  the  incremental 
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But 
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In  (193)  cornsponda  to  the  rlaklMs  rate  of  Intaraat  i . 
the  certainty  equivalent  growth  rate  § In  (193)  la  alwaya  leaa  than 

the  expected  growth  rate  g when  uncertainty  la  preaent  due  to  rlak 

499  2 

averalon.  Moreover,  thla  difference  Increaaee  aa  o Increaaea. 

8 

Conaequently,  under  uncertainty  the  optlnal  retention  ratio  la  gen- 
erally lower  (l.e.  the  optlnal  dividend  payout  la  generally  hlghar) 
than  under  certainty,  and  In  general,  the  retention  ratio  varlea 
Inveraely  (and  the  dividend  payout  varlea  directly)  with  the  level  of 
rlak  borne  by  the  flm.^^^ 

In  the  prevloua  aubaectlon  (183)  was  used  to  show  that  a value 
maxlnlzer  will  not  naxlnLae  the  rate  of  growth.  Equation  (193)  can 
alnllarly  be  uaed  to  ahow  that  under  uncertainty  a value  maxlnlzer 
will  not  maximize  the  flrm'a  expected  rate  of  growth, but  rather, 
will  tend  to  retain  a amaller  portion  of  eamlnga  and  grow  more  a lowly 
than  a growth  maximizer.  Solving  equation  (193)  for  '|^  glvea 


ift  . iiLzi  . _o 
3r  1-r  P 


y,  > 0 , 


(194) 
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where  y le  once  egein  the  current  earnings  yield  on  the  stock. 

e 

A growtii  maxlnlzer  would  Increaae  retentlona  to  the  point  where 

■ 0 , but  a value  maxlnlzer  would  atop  abort  of  thla  point.  Thua, 
whether  or  not  there  la  uncertainty,  a value  maximizer,  aa  modaled  by 
Llntner,  retalna  a amaller  portion  of  eamlnga  and  growa  more  alowly 
than  a growth  maximizer.  But  the  exlatence  of  uncertainty  forcea  both 
typea  of  firms  to  rataln  leaa  eamlnga,  and  therefom  to  grow  at  a alower 
average  rate,  than  In  tha  certainty  caae  In  order  that  the  dividend 
payout  be  Increaaed  and  aharaholdera  be  compenaated  for  rlak. 
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By  \imy  of  suaMrlslng  the  dlacusslon  of  Llntnor's  aodcl  of 
the  firs  under  *stabl«  uncertainty',  the  diatlngulahlng  feeturea  of 
die  aodel  ere  Hated  in  table  II-22. 


Table  11-22  SiMary  of  Llntner'a  Stable 
Uncertainty  Model 


Claaa; 

Tlra'a  Obiectlret 
Cone train ta: 


Varlablee: 
Eaoienoua ; 


Endoaenoua ; 


Declalon; 

Finance; 

Cert alntr /Uncertainty; 

Equlllbrlun/ 

Dlaeoulllbrlun; 

Tina; 

Type  of  Model; 

Solution  Tedtnlque; 


nodem  traditional  (aee  (185)  In  text) 

naxlnlae  the  equlllbrlun  naritet  price  of  a 
aharc  of  connon  atock 

relatlonahlp  between  expected  growdi  rate  (g) 
and  retention  ratio  (r)  enb£dled  In  the  aet 
of  efficient  policy  adxea  (g  ■ f(r.v  -HrCr))); 
Inpllcltly.  product  denand.  factor  aSpply,  and 
£echnolo^cal  condltlona.  all  of  which  tmderlle 
g ■ f(r,}^j+y(r))  and  Unit  the  extent  to  whldi 
additional  retentlona  can  be  uaed  to  pronote 
(expected)  growth;  alao  InpUcltly.  condltiona 
In  the  atock  narket  diat  detemlne  the  equlllbrlun 
ahare  price  (e.g.  covariance  ftmctlon  f(o  j)) 


current  level  of  eacnlnga  per  share  (X^) , 
the  rlakless  rate  of  Interest  (u) . stock 
narket *s  wealth  elasticity  (a),  and  nagnlflca- 
tlon  of  uncertainty  regarding  future  dividends 
(C) 

steady  state  expected  growth  rate  (g) . retention 
ratio  (r),  variance  of  the  distribution  of 
growth  rates  (cr  ^ . and  basic  risk  variable 

retention  ratio  (r)  and  basic  risk  variable  (v  ) 

o 

Internal  financing  only 

pemlts  'stable  laicertalnty ' and  utilises 
the  nean-varlance  franswork 

characterisation  of  the  equlUbrlun  steady  state 
expected  growth  path  of  the  flm;  In  addition, 
could  consider  dlsequlUbrlun  aa  In  tha  certainty 
version  of  the  ■odel  (see  table  11-21) 

■ultlparlod 

static  optlvlsatlon  (aatheBatlcal  prograaedng 
prdbleaO 

unconstrained  optlidsatlon  (by  substituting 

f(r,v  ■*v(r))  for  g In  (185)) 
o 
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3.  The  Model  Under  'Increeelng  UncertelnCy* 

The  nodel  of  the  preceding  sii>aectlon  assuaed  chat  Inveatora* 
aaaeaainenta  of  future  growth  retea  could  be  characterized  by  a tlae 
Invariant  probability  dlatrlbutlon,  ao  that,  for  exaaple,  there  vaa 
no  more  uncertainty  attadied  to  aaaeaaaenta  of  growth  ratea  ten  yeata 
hence  thnn  there  waa  to  aaaeaaaanta  of  growth  ratea  one  year  hence. 

Thla  treataent  of  uncertainty  -*  aerely  replacing  the  point  eatlaate 
of  g that  waa  treated  aa  a certainty  In  the  Initial  foraulatlon  of 
the  aodel  with  a stationary  probability  dlatrlbutlon  for  g — waa 
overly  ainpllfled.  Uncertainty  tenda  to  Increaae  with  futurity;  unccr- 
telntlea  aa  to  the  outcoae  In  any  particular  year,  aay  the  tenth,  are 
the  "coapound  reaultant  of  the  uncertalntlea  In  each  of  the  Intervening 
yeara";  and  uncertalntlea  aa  to  outcoaea  In  the  tenth  year  will 
reflect  imcertalntlea  aa  to  the  outcoae  one  year  hence  — coapounded 
by  tncertalntlea  aa  to  the  outcoae  In  each  of  the  aubaequent  nine 
yeara.  The  aodel  dlacuaaed  In  tiila  aubaectlon  allcwa  for  wcertalntlea 

504 

that  Increaae  with  futurity. 

All  but  two  of  the  aaauaptlona  atated  In  the  preceding  aub- 
aectlon atlll  apply.  In  particular.  It  la  again  aaauaed  that  Invea- 
tora' utility  functlona  are  hyperbolic  ao  that  the  current  equlUbrltv 
price  of  each  atock  la  atlll  aqual  to  the  preaent  value  of  the  certainty 
equlvalanta  of  the  elaaenta  of  the  future  dividend  atmaa  dlacountad  at 

the  'rlakleaa  Intaraat  rate*  u . The  two  new  aaauaptlooa  are  the 
SOS 

following.  (1)  The  diangea  In  growth  ratea  between  all  nonover- 
lapping palra  of  abort  tlaa  Intervale  In  the  future  are  Independent 
noraally  dlatrlbutad  randoa  varlablaa.  More  foraally.  It  la  aaauaad 


323 


expression  (197)  given  below  for  the  current  shsre  price  nust  exist 

regsrdless  of  the  size  of  the  expected  growth  rste  g , so  thst  the 

508 

'growth  stock  psrsdox*  is  no  longer  possible. 


logarithm  tv 
of  the  ! 
certainty  i 
equivalent 


certainty 
^ In  - gt 

/'  >•  stable  uncertainty 

/ In  - [g  - aCa^  af(Oj^j)]t 


increasing  uncertainty 

In  D ■ (g  - aCa  ^ 

^ g 

- af(cr^j)]t 
2 2 

, - otCa  ^t 

> u 


time 


Figure  11-24:  B^svlor  of  Certainty  Equivalents  in 

the  Three  Versions  of  the  Lintner  Model 


From  (195)  the  certainty  equivalent  of  the  growth  rate  is  the 
expression  in  parentheses,  which  may  be  written  as 


g - i-oiCo^^-af(o^j) -dCOy^t  , (196) 

2 

which  differs  from  (186)  due  to  the  -aOa  t term.  In  contrast  to 

u 

(186),  in  which  g was  time  invariant,  g in  (196)  decreases  with 
futurity  (due  to  the  effects  of  increasing  uncertainty) . 

( 
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The  currmt  share  pries  Is 


P„  - /"»  . A dt  . (197) 


■>  0 ° 


%rhlch  doss  not  slaplify  as  did  In  (185)  due  to  the  presence  of 

the  quadratic  term  In  the  exponent.  It  Is  possible,  however,  to 
evaluate  the  Integrals  In  (197)  In  terns  of  the  probability  density 
function  and  the  Inverse  cuaulatlve  distribution  function  of  the 
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standard  nomal  random  variable.  This  simplification  does  not 

require  that  any  restrictions  be  placed  on  g , and  thus  the  'growth 

stock  paradox'  cannot  occur.  The  details  of  the  calculations  are 

omitted  since  the  effect  on  of  changes  In  the  various  parameters 

In  (197)  can  be  seen  directly  from  (197).  Ceteris  paribus  the  current 

share  price  varies  directly  with  the  expected  growth  rate  "g  and 

Inversely  with  each  of  the  following  factors:  (1)  die  'riskless  Interest 

rate*  co  , (11)  die  market 'a  relative  risk  aversion  a , (111)  the 

level  of  the  growth  covariance  with  other  stocks  • (^v)  the 

basic  own-variance  of  the  company's  growth  rate  of  dividends  , 

and  (v)  the  time  rate  of  Increaae  la  variances  with  futurity 

The  objective  of  the  firm  Is  to  maximise  (197)  subject  to  (188). 

2 

Llntosr  distinguishes  two  cases,  one  la  which  la  Independent 

2 

of  the  firm's  decisions  and  the  other  In  which  a varies  with  the 

u 

basic  risk  level  v^  . In  each  case  diere  are  the  two  decision  variables 
o 

v^  and  r and  the  derivation  and  Interpretation  of  the  necessary  con- 
ditions are  similar  to  the  treatment  of  the  'stable  uncertainty*  case 
In  the  preceding  subsection. These  two  cssea  are  not  considered 
further,  although  It  Is  noted  that  the  presence  of  In  both  eases 


U 
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raducM  the  optimal  retention  ratio  and  the  optimal  expected  growth 

2 512 

rate  (and  they  both  vary  inversely  with  ) # and  further,  that 

n 

making  o " dependent  on  v in  the  second  case  Implies  that  the 
u o 

firm  will  no  longer  choose  the  basic  risk  level  v that  maximizes 

o 
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the  certainty  equivalents  of  its  prospective  growth  rates. 

The  distinguishing  characteristics  of  the  'increasing  uncer- 
tainty* version  of  the  Llntner  model  of  the  firm  are  sumnarlzed  in  table 
11-23.  By  comparing  the  three  versions,  the  characteristics  of  which 
are  summarized  in  tables  11-21,  11-22,  and  XI-23,  the  overall  develop- 
ment of  the  Lintner  model  can  be  better  appreciated. 

The  significance  of  the  Lintner  model  lies  in  its  sophisticated 
treatment  of  uncertainty.  The  objective  of  the  firm  is  to  maximize 
its  current  share  price,  which  is  determined  by  a risk-averse  stock 
market  that  evaluates  the  effects  the  firm's  choice  of  operating  poli- 
cies will  have  on  the  expected  growth  rate  of  dividends  and  the  overall 
level  of  risk.  Due  to  the  existence  of  uncertainty,  the  firm  will 
retain  a smaller  portion  of  earnings  and  therefore  grow  more  slowly 
than  it  would  under  certainty.  But  even  under  certainty  the  value 
maximizer  would  still  retain  fewer  earnings  and  grow  more  slowly  than 
a Marrls-type  growth  maximizer. 

TVo  potential  weakneases  of  the  Lintner  model  should  be  noted, 
however.  The  model  restricts  its  attention  to  internal  financing, 
though  Lintner  does  note  that  the  inclusion  of  debt  financing  would 
not  alter  any  of  the  qualitative  conclusions  drawn  from  the  model. 

Second,  the  model  assumes  a stodiastic  steady  state  environment. 

Lintner  Justifies  this  by  calling  g a long  run  growth  target. 

Several  models  that  permit  non-steady  state  growth  are  discussed  below 
in  section  L. 
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Table  11-23  Suaaary  of  Llntnar'a  Increasing 
Uncertainty  Hodel 


Class;  aodem  traditional  (see  (197)  In  text) 

Firm's  Objective;  maxlmlee  the  equilibrium  market  price  of  a 

share  of  coaaion  stock 

Conatralnta;  relationship  between  expected  growth  rate  (^) 

and  retention  ratio  (r)  e^odled  In  the  set  of 
efficient  policy  adxes  (g  ■ f(r,v  +v(r))); 
liiq>llcltly,  product  demand,  factor  supply,  and 
technological  conditions,  all  of  which  underlie 
g ■ f(r,VQ'Hr(r))  and  llad.t  the  extent  to  which 
additional  retentions  can  be  used  to  promote 
growth;  also  Implicitly,  conditions  In  the 
stock  market  that  determine  the  equilibrium 
share  price  (e.g.  covariance  function  f(o^j)) 

Variables; 


Exogenous ; 


Endogenous ; 


Decision; 

Finance; 


current  level  of  earnings  per  share  (X  ) , the 
riskless  rate  of  Interest  (u) , stock  mSrket's 
wealth  elasticity  (a) , magnification  of  uncer- 
tainty regarding  future  dividends  (C) , and 
variance  of  growth  disturbance  term  ((7^^) 

steady  state  expected  growth  rate  (g) , retention 

ratio  (r) , variance  of  the  current  distribution 

of  the  growth  rate  (O  , and  basic  risk 

variable  (v  ) * 

o 

retention  ratio  (r)  and  basic  risk  variable  (v  ) 

o 

Internal  financing  only 


Certainty /Uncertainty;  permits  'Increasing  uncertainty'  and  utilizes 

the  mean-variance  framework 

Equilibrium 

Disequilibrium;  characterization  of  the  equilibrium  steady  state 

expected  growth  path  of  the  firm;  In  addition, 
could  consider  disequilibrium  as  In  the  certainty 
version  of  the  model  (see  table  11-21) 


Time; 

Type  of  Model; 


Solution  Tedinlqua; 


■niltlperlod 

atatlc  optimization  (mathesMtlcal  programsdng 
problem) 

unconstrained  optimisation  (after  atd>atltutlng 
(188)  Into  (197)  and  evaluating  the  Integral 
as  Indicated  In  the  text);  actual  solution  not 
provided  In  the  text;  see  Llntner,  Maximum 
Corporate  Growth  under  Uncertainty,  op.  clt.. 
pp.  207-209,  for  details. 
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K.  CORPORATE  BEHAVIOR  UNDER  UNCERTAINTY:  THE  TIME-STATE-PREFERENCE 
APPROACH 

In  the  previous  section  uncertainty  as  to  future  outcomes  (and  In 
particular,  uncertainty  as  to  the  actual  rate  of  growtii  realized  during 
any  particular  time  Interval)  was  handled  within  a mean-variance  frame- 
work. The  firm's  selection  of  a retention  ratio  and  a basic  risk 
level  determined  both  the  expected  (or  mean)  rate  of  growth  and  the 
overall  risk  level  (l.e.  the  variance  of  the  probability  distribution 
of  the  growth  rate) . The  siean- variance  framework^^^  Is  one  of  the 
two  major  lines  of  approach  to  the  problem  of  risky  choice  over  time. 
The  other  Is  the  time-state-preference  approech.^^^ 

This  section  describes  the  time-state-preference  framework.  It 
Is  shown  that  when  a system  of  complete  markets  exists  the  problem  of 
risky  choice  becomes  formally  equivalent  to  the  problem  of  choice 
under  certainty.  In  such  a world.  If  markets  are  also  perfect,  the 

Modi gllanl-Ml Her  proposition  on  the  Irrelevance  of  the  firm's  debt- 

518 

equity  ratio  also  holds,  and  the  firm's  production  decisions  and 
Its  financial  decisions  are  separable. 

Later  In  the  section  two  tlme-state-prcference  models,  both  due 
to  Leland,  and  a related  model  due  to  Meyer,  are  presented.  The  first 
of  Leland's  models  Is  primarily  concerned  irlth  the  firm's  short  rtai 
pricing  and  output  decisions  and  the  second  Is  mainly  concerned  with 
the  relationship  between  the  firm's  production  decisions  and  the  stock 
market  value  of  the  firm.  Vfhereas  Leland  restricts  his  attention  to 
the  single  product  firm,  Meyer  allows  the  firm  to  produce  several 
(l.e.  n > 1)  goods.  Meyer  also  allows  explicitly  for  the  poeslbllity 
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that  the  amounts  produced  might  prove  insufficient  to  satisfy  all 
demands,  and  Incorporating  this  Into  his  model  leads  to  a probabilistic 
programing  problem  formulation  of  the  model. 

1.  The  Time-State-Preference  Fraaiework 

One  method  of  describing  uncertainty  about  conditions  In  some 

future  time  period  Is  to  specify  the  set  of  possible  states  of  nature 

that,  might  prevail.  For  example,  during  some  period  there  might  just 

be  two  possible  states  of  nature,  say,  war  versus  peace  or  prosperity 
519 

versus  depression.  There  Is  one  such  set  for  each  future  time 

period  (and  these  sets  are  not  necessarily  Identical) . Associated  with 

each  state  of  nature  and  eac.t  time  period  Is  a definite  probability 

(possibly  not  fully  known)  of  occurrence,  with  tiie  probabilities  of 

events  for  each  time  period  sumsdng  to  one.  To  continue  the  previous 

examples,  war  and  peace  might  be  equally  likely  or  prosperity  mlf^t  be 

twice  as  likely  as  depression.  For  each  time  period  and  each  state 

of  nature  both  the  configuration  of  the  environment  and  the  probability 

of  Its  occurrence  are  assumed  to  lie  beyond  the  control  of  the  Indlvl- 
520 

dual.  In  addition,  there  exist  securities,  each  of  which  is  a 

521 

complex  entitlement  to  baskets  of  consumption  claims  (loosely, 
dividends  or  Interest  payments)  at  various  dates,  where  the  amount 
received  (e.g.  the  site  of  the  dividend)  at  each  date  is  dependent  on 
the  state  of  nature  obtaining.  For  this  reason  these  claims  are  called 
aontingtnt  olaim.  It  Is  these  contingent  consumption  Incomes  asso- 
ciated with  alternative  possible  states  of  nature,  rather  than  the 

securities  themselves,  that  are  assumed  to  be  the  Individual's  ultimate 

522 

objects  of  preference. 
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a.  Pur*  Exchange 


A description  of  a simple  tlne-state-preference  framework 

might  better  serve  to  convey  the  essential  characteristics  of  this  type 
523 

of  framework.  In  the  simplest  case,  there  are  only  two  time  periods, 
the  present  (time  "0")  and  the  future  (time  "1") . The  present  state 
Is  known  with  certainty,  and  In  the  future  one  of  two  mutually  exclusive 
states  (state  "a"  or  state  "b")  must  obtain.  The  Individual  does 
not  know  for  certain  what  the  future  state  of  the  world  will  be, 
although  he  can  attach  a (possibly  subjective)  probability,  and 

IT  , resoectlvely  (where  it  + tt.  ■ 1),  to  the  occurrence  of  each.  To 

0 mo 

simplify  the  exposition  by  factoring  out  the  decision  as  to  how  to 

allocate  any  one  period's  Income  among  different  commodities.  It  is 

assumed  that  there  Is  a single  generalized  commodity,  which  will  be 

referred  to  as  "consumption  claims"  and  which  will  be  denoted  by  c . 

In  the  present  period  the  Individual  consumes  an  amount  c^  and  In  the 

future  he  will  consume  c.  If  state  a obtains  and  c,.  If  state  b 

la  lb 


obtains. 


The  consumption  claims  c , c,  , and  c,.  are  the 

o la  ID 


Individual's  ultimate  objects  of  choice.  The  Individual's  objective 
Is  to  achieve  th*  most  desired  time  pattern  of  consumption  In  llgjht  of 
(1)  his  consumption  preferences,  (11)  his  Initial  endowment,  and 
(111)  market  opportunities  for  exchanging  dated  contingent  claims. 

The  role  of  each  of  these  three  factors  Is  described  below.  A dis- 
cussion of  the  role  of  production  Is  postponed  until  the  next  subsection 
Th*  Individual's  preferences  are  represented  by  a utility 

function  of  the  form  U - U(c  ,c,  ,c,.  :ir  ,ir.)  . There  are  two  dimensions 

o la  lb  a D 


of  choice,  one  being  the  contea^oreneoue  balance  of  risky  clalas  between 

Cj^^  and  c^  and  the  other  being  the  tlaa-plus-rlsk  diolce  between 

certain  clalna  c and  uncertain  future  clalaa  c,  and  c,.  . The 
o la  lb 

first  of  these  choices  Is  represented  by  figure  II-2S(a) . The  contours, 

each  of  which  eabodles  the  Individual's  sti>Jectlve  probsblllty 

525 

assessaents  if  and  , are  drawn  convex  to  the  origin,  just  as  In 

a D 

tiie  two-good-slngle-perlod-certalnty  case  (or  more  slaply,  the 

526 

'ordinary  case')  presented  In  Introductory  econoalcs  textbooks. 

However,  In  contrast  to  the  ordinary  case  In  which  a point  on  an 

Indifference  curve  represents  a coablnatlon  of  coaoodltles,  a point 

such  as  A In  figure  II-25(a)  represents  a pair  of  contingent  clxlas. 

The  aaxjunts  c,  ^ and  c,.^  cannot  be  consuaed  slaailtaneously ; rather, 
la  ID 

c,  ^ will  be  consuaed  only  If  state  a obtains  and  c,.  will  be 
la  lb 

consuaed  only  If  state  b obtains  and  the  two  states  — and  hence  the 
aaounts  Cj^^  and  — are  autually  exclusive.  Figure  II-25(b) 

Illustrates  the  choice  between  certain  clalas  c^  and  contingent 
clalas  c^^  (and  a third  figure  with  c^  In  place  of  c^^  could 
also  be  drawn) . 


Figure  11-25:  Convex  Indifference  Curves  Between 
State-  and  Tias-Dlstrlbuted  Clalas 
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Th«  indlvldii«l  hiu  an  Initial  andowaant  of  contingent 

clalaa  abaanca  of  axdiange  the  consuaptlon 
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vector  equala  the  Initial  endowaent  vector.  But  %)here  a market  for 

contingent  clalna  exlsta,  the  Individual  can  exchange  claims  In  order 

to  reach  hls  moat  preferred  position  (l.e.  maximize  his  utility)  Assume 

chat  Che  market  for  contingent  claims  Is  perfect,  so  that  there  are 

528 

no  taxes  or  transactions  costs,  and  ooir^lete,  so  that  a sufficient 
nuaber  of  securities  exist  to  permit  the  individual  to  obtain  what- 

529 

ever  distribution  of  constimption  claims  (c  ,c,  ,c,.  ) he  most  desires 

o la  ID 

— as  restricted,  of  course,  by  his  initial  endowment  and  the  market 
opportunities  for  exchange.  For  simplicity,  assume  there  are  Just 


! 


three  securities,  C * (1,0,0)  , C,  ■ (0,1,0)  , and  C,.  (0,0,1),' 

O lA  ID 

with  prices  ^ , and  , respectively,  so  that,  in  effect, 

o la  ID 

dated  consumption  claims  are  exchanged  directly.  To  further  simplify 


the  analysis,  certain  consumption  claims  c^  may  be  diosen  as  the 

numeraire,  so  that  - 1 , and  the  prices  of  and  may  be 

531 

expressed  in  terms  of  tiie  numeraire.  Denoting  by  W the  Individual's 


wealth.  It  follows  that.  In  general  equilibrium  In  the  markets  for 
contingent  claims. 


" * ’o  * ♦l.’u  * • 'o  * ♦l.‘u  * • <“•> 


where  and  arc  equilibrium  prlcaa  for  cootlngent  claims 

and  where  the  second  equality  follows  from  the  fact  that  value  Is 
conserved  In  transactions  (l.a.  there  are  no  "leakages”  In  the  form 


of  taxes  or  transactions  costs)  when  markets  are  perfect.' 
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The  problca  confronting  ondt  Individual  la  to  exchange 


securities  In  sudi  a way  as  to  aaxlalse  his  utility  subject  to  his 


wealth  constraint 


subject  to 


and,  for  all  Individuals  collectively,  also  subject  to 


relations 


where  each  Individual's  subjective  probability  assessnents  ir  and 


IT  are  aasuaad  fixed  so  that  dtey  can  be  suppressed  when  writing 


the  expression  for  U ; where  each  of  the  six  suns  Is  taken  over  all 


Individuals;  where  the  last  three  constraints  require  that  contingent 


clalae  be  neither  created  nor  destroyed  during  the  process  of  exchange 


and  where  the  nonnegativity  constraints  c > 0 


c..  > 0 can  be  suppressed  In  light  of  the  earlier  convexity  assuaf>tlons 


regarding  the  contours  of  U . Kacalllng  that  y^  , y^^  , and  y^^ 

are  given,  the  slaultaneous  solution  of  problaa  (199)  ylslds  tits 


equilibrium  condltionn 

(201) 

The  left-hand  side  of  each  equation  In  (201)  la  Intarpreted  aa  the 

marginal  rate  of  8id>8tltutlon  between  a future  contingent  claim  and 

a present  certain  claim  and  the  right-hand  aide  of  each  aquation  is 

Interpreted  as  the  price  of  a certain  claim  in  terms  of  a future 
534 

contingent  claim.  Since,  by  assumption,  and  arc  the 

same  for  all  individuals,  equations  (201)  imply  tiiat,  in  general 
equilibrium  in  the  marliets  for  contingent  claims,  all  individuals  must 
have  the  same  marginal  rata  of  atd>otitutioo  between  any  particular 
pair  of  goods. 

The  problem  Just  considered,  in  which  a system  of  perfect 
and  cosplate  markets  for  contingent  claims  was  assumed  to  exist,  is 

535 

a natural  generalisation  of  Fiskar's  theory  of  Intertamporal  choice 

and  is  formally  equivalent  to  the  traditional  analysis  of  consumer  t 

I 

choice  under  certainty.  In  such  a world  there  is  uncertainty  as  to  | 

the  future  state  of  the  world,  but  due  to  the  existence  of  perfect 
and  complete  markets,  individuals  are  free  to  exchange  contingent 
claims  so  as  to  alnimisa  the  adverse  impact  of  uncertainty,  and  as  a 


b.  Production  and  Exchange 


To  ganerallia  the  tine-atata-prefaranca  fraaewotfc  of  the 

preceding  aid>aectlon  to  Include  production  la  eaally  carried  out.  To 
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the  econoay  of  the  preceding  aubaectlon  are  added  one  or  nore  flma, 
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eech  having  a production  finctlon  of  the  fom  Q(q  ,q.  .q,.  ) ■ 0 , 

o la  Id 

where  the  q'a  are  negative  If  the  Input  flow  of  the  generalized 
coBModlty  exceeda  the  output  flow  of  the  generalized  coModlty  and 
are  poaltlve  when  the  reverae  la  trua.  In  general  equlUbrlun  In  the 
■arkets  for  contingent  clalna,  the  aazket  value  of  eadi  flm,  , 

la  equal  to  the  net  preaent  certainty  equivalent  value  of  the  firm* a 
production  aet  ‘ 

"o'  ■ "o  * ♦l.’l.  * ♦ib’lb 


The  Indlvldual'a  utility  function  la  aa  before,  but  hla  wealth  con- 
atralnt  nuat  be  nodlfled.  Suppoae  there  are  F flraa  and  that  the 
individual  owna  a proportion  of  the  f-th  flm.  Then, In  general 
equlllbrlua  in  the  aarketa  for  contingent  clalna,  hla  wealth  la 
axpraaaed  by 


W - y + 
'o 


r 

z 

f-i 


a,W  ' 
f o 


^la^la  ^Ib^lb  “ ®o  ^la'^la  * ^lb®lb 


(203) 


Each  Individual  trlea  to  naxlalze  hla  utility  aubject  to  (203) , 
which  laada  to  necaaaary  condltlona  (201) . 

Tha  conaervatlon  relatlona  of  the  preceding  aubaectlon 
nuat  be  nodiflad  to  take  Into  account  production.  Since  the  anowt 
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of  the  generalized  coaBodlty  available  for  consuaptlon  equals  the 
Initial  endowaent  plus  the  aaomt  produced  less  the  aaount  used  as 
Inputs  to  production,  the  conservation  relations  (200)  becoae 


Zc  • Zy  Zq 
o o o 


'‘=la 

^‘>la 

^^Ib 

V conservation 
r relations 


(204) 


where,  as  before,  the  first  two  suas  In  each  equation  ate  taken  over 

all  Individuals  and  where  the  third  sub  Is  taken  over  all  flras.  If, 

as  Is  usually  the  case,  q^  Is  negative  and  q^^^  and  q^  are 

positive.  It  Is  easily  seen  from  (202),  (203),  and  (204)  that,  quite 

apart  froa  Individual  preferences,  eadi  firm  should  atteapt  to  aaxlalze 

Its  aatket  value,  . Regardless  of  the  shapes  of  the  firm's 

owners'  utility  functions,  aaxlalslng  the  aatket  value  of  the  firm  Is 

In  the  owners'  bast  Interests  because  that  policy  aaxlBlzes  W and, 

under  the  assuaptlon  of  cosq>late  aarkats,  provides  each  owner  with  the 

aK>st  Inclusive  opportunity  sat  (l.a.  the  sat  of  attainable  consta^itlon 

538 

triplets  (Cgt^Xa'^lb^^  * Incoaplete,  however, 

the  firm's  owners'  freedom  to  exchange  contingent  claims  Is  restricted, 
so  that  the  owners'  Interests  might  be  batter  served  by  an  Investment 
policy  that  explicitly  takas  Into  account  thalr  consuaptlon  prafarencas 
For  the  pr(4>loB  under  consldaratlon  the  firm  seeks  to 
maximise  (202)  subject  to  Its  production  .function  as  a constraint. 

This  lands  to  the  following  additional  equilibrium  conditions  (l.a. 
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Co  Che  eddlclonel  necessary  condlClons  for  an  opClaua)! 


3q. 


£ . 


1 

♦l. 


(205) 


^ib 


EquaClons  (205)  are  InCerpreCed  Co  aean  disc,  In  general  equlllbrlua 

in  Che  aarkeCs  for  conClngenC  clalas,  Che  narginal  race  of  Cechnlcal 

subsCiCuClon  becween  a fuCure  conCingenC  clala  and  a preaenC  cerCaln 

data  ausc  equal  Che  price  of  Che  cerCaln  clala  in  ceras  of  Che  fuCure 
540 

concingcnC  clala.  Moreover,  equaCions  (205)  iaply  ChaC,  for  any 
parcicular  pair  of  clalaa,  Che  aarginal  race  of  Cechnlcal  subsClCuClon 
ausC  be  Che  aaae  for  all  fleas. 

c.  The  IndeCendnancy  of  die  Flra'a  Opclaal  CaplCal  ScrucCure 

One  of  Che  aajor  sources  of  disagraeasnC  In  Che  area  of 

corporaCe  finance  is  Modigliani's  snd  Miller's  ProposiClon  1,  Chs  firsC 

pare  of  which  scaces  diaC  Che  CoCal  aaxfceC  valua  of  Che  flea  (i.e.  Che 

cosbined  aarkeC  value  of  ics  debc  and  equiCy)  is  independenc  of  Che 

fixa's  caplcal  scrucCure.  This  resulc,  which  was  refarrad  Co  earlier 

542 

in  seccions  F and  1,  lap lies  disc  die  fixa's  InvesCasnC  (and  produc- 

cion)  decisions  ars  separable  froa  iCs  financing  decisions.  One  of 

Che  aore  inceresting  applieacions  of  Che  cias-scaca-^reference  fraat- 

work  is  Chs  dsaonstracion  thaC  Modigliani's  and  Miller's  Proposicion 

1 holds  undsT  laiearcaincy  providsd  asxkecs  ars  perfecC  and  coapleCe. 
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The  purposs  of  this  subssecion  is  Co  dsaonacreca  Chis  resulc. 

Lsc  q dsnocs  chs  coCal  of  corporece  finds  co  be  coadcced 
o 

Co  invesCasnC  ac  Cias  C ■ 0 and  lec  d dsnocs  the  portion  coaing 

o 
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froa  borroirliigs  (i.c.  debt)  and  the  portion  coalng  froa  equity 
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f unde . Then 


q ■ d + e 
’o  o o 


(206) 


Ageln  esaualng  a tvo-perlod  world  (preaent  and  future)  with  two  future 
Btatea  (a  and  b) , all  future  retuma  froa  the  flra'a  present  Invest- 
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aenta  will  be  dlatrlbuted  aaong  bondholders  and  shareholders,  so 


q,  ■ d,  + e, 
^la  la  la 


"lb  ■ ‘‘lb  * 'lb 


(207) 


where  d,  la  the  distribution  to  bondholders  and  e.  Is  the  dia- 
ls la 

trlbutlon  to  shareholders  at  tlae  t ■ 1 If  state  a obtains  and 

d,.  and  e,.  are  Interpreted  slallarly.  Equations  (207)  laply  that 
ID  ID 

there  are  no  leakages  of  Investaant  returns  Into  corporate  or  personal 


Incoae  taxes  or  Into  transaction  costs. 

If  the  aarket  for  contingent  clalas  la  coaplete,  then,  In 

equlllbrlua,  the  aggregate  present  certainty  equivalent  values  of 

debt,  D , and  equity,  E , can  be  expressed  In  terns  of  the  streams 
o o 

of  returns  ^•o’*la’*lb^  P^ces 

and  as  follows 

la  ’^Ib 


D - d + d,  + 
o 0 ^la  la  lb  lb 


o o '^la  la  lb  lb 


(208) 
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Froa  aquation  (202) , cha  aarkat  valua  of  the  flra,  , la  glvan  by 

U ^ ■ q -f  6,  q,  q,v  • But  when  markets  are  perfect  and  cob»- 

o ^o  ’^la^la  Ib^lb 

plate,  equations  (206),  (207),  and  (208)  Imply  that 


D 

o 


(209) 


which  Is  Modigliani's  and  Miller's  Proposition  I.  Given  tiie  firm's 
Investment  policy.  Its  total  market  value  Is  Independent  of  how  It 
finances  that  Investment.  The  firm's  Investment  and  financing  decisions 
are  separable;  the  market's  valuation  of  the  firm  Is  based  on  the  firm's 
Investment  policy;  and  there  Is  no  single  optimum  capital  structure 
(l.e.  debt-equity  mix).  In  a world  of  perfect  and  complete  urkets 
financing  operations  take  place  within  a wealth  constraint  — they  do 
not  alter  wealth. 

The  simplicity  with  which  the  Indetendnancy  result  (209) 

was  obtained  should  not  obscure  the  significance  of  the  assumption 

that  a set  of  perfect  and  complete  markets  for  contingent  claims 
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exists.  The  absence  of  corporate  and  personal  Income  taxes, 

transaction  costs,  and  other  external  drains  — whldi  Is  assured  when 

markets  are  perfect  — ensures  that  Individuals  and  firms  collectively 
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form  a closed  system  so  that  (206)  and  (207)  hold.  The  completeness 
of  markets,  whldi  underlies  (208),  permits  eadi  stream  of  contingent 

J 

claims  to  be  expressed  as  a single  market-determined  present  certainty 
equivalent  valua.  The  existence  of  complete  markets  makes  the  market 

m 

valua  of  eadi  firm  Insensitive  to  diangee  In  the  firm's  capital  struc- 
• ture.  In  the  event  a change  In  some  firm's  capital  structure  were  to 

cause  one  or  more  of  the  markets  for  contingent  claims  to  go  Into 

i 

i-tf 


340 


I 


dlaequlllbrlxim,  the  acbltrag*  mechanlam  would  enaure  that  the  dls- 

equilibrium  waa  only  temporary  and  would  reatore  the  equality  between 

the  aum  of  the  market  valuea  of  each  firm'a  aecurltlea  and  the  preaent 
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certainty  equivalent  value  of  the  firm'a  Income  atreasi.  Vftien  marketa 
are  incomplete  (209)  no  longer  holda  neceaaarlly  becauae  the  equili- 
brating action  of  the  arbitrage  mechanlam  la  Impeded. 

Having  briefly  aet  out  the  dla tingulahing  featurea  of  the 
tlme-atate-preference  framework  In  thla  aubaectlon,  the  next  three 
aubaectlona  deacrlbe  aeveral  modela  of  the  behavior  of  the  firm  under 
uncertainty.  The  flrat  two  focua  on  the  individual  firm  In  the  short 
run  In  a partial  equilibrium  aetting,  while  the  third  explorea  the 
link  between  the  firm'a  production  deciaiona  and  Ita  atock  market  value. 

2.  The  Behavior  of  the  Firm  Facing  Uncertain  Demand 

In  the  traditional  theory  of  the  firm,  which  waa  diacuaaed 
i earlier  in  thla  chapter,  it  la  aaaumad  that  the  firm  behavea  aa  If 

Ita  demand  function,  production  function,  and  factor  coeta  are  known 
with  certainty.  Even  if  tiie  true  demand  relation  la  not  kno%m  with 
certainty.  It  la  atlll  aaaumed  that  the  firm  can  formulate  a beat 
eatlmate  of  the  demand  relation,  which  it  dien  treata  aa  if  It  were 
nonatocfaaatic.  Thla  treatment  ImpUea  that  once  price  or  quantity  la 
I aet  by  the  firm,  the  value  of  the  other  variable  la  known  with  certainty. 

In  the  real  world,  of  couraa,  there  may  be  a high  degree  of  uncertainty 
I aa  to  the  true  ralatlonahip  between  price  and  quantity  demanded,  and 


it  la  reaaonable  to  expect  that  die  axlatence  of  auch  uncertainty  i 

will  have  an  lanaet  on  ^a  behavior  of  the  firm.  J 


In  recent  years  there  have  been  several  atteepts  to  Incorporate 
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uncertainty  Into  the  aodel  of  the  fire  by  making  demand  random. 

Typically  these  models  have  given  random  demand  a specific  ftnctlonal 
fora  by  Introducing  a random  variable  that  Is  either  additive  or 
multiplicative  Into  the  demand  relation. One  of  the  advantages 
of  the  model  due  to  Leland  discussed  In  this  subsection  Is  Its  more 
general  formulation  of  random  demand. 

Introducing  randomness  Into  the  demand  relation  necessitates 
a change  In  the  firm's  objective  function.  According  to  the  traditional 
models  of  die  firm,  the  objective  of  the  firm  under  certainty  Is  to 
maxlalze  (single  period)  total  profit.  But  under  uncertainty,  either 
price  or  quantity  (or  possibly  both)  Is  (are)  stochastic,  and  so  are 
total  revenue  and  total  profit.  If  risk  Is  Ignored,  or  If  risk  neu- 
trality Is  assumed,  then  the  objective  function  of  the  firm  In  the 
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traditional  models  can  ba  rafonsulatad  In  terms  of  expected  profit. 

553 

Since  both  managers  and  Investors  are  generally  regarded  as  risk  averse. 

It  Is  more  appropriate  to  caste  the  reformulation  In  terms  of  the 
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expected  utility  of  total  profit,  since  the  expected  utility  calcu- 
lation takas  the  attitude  toward  risk  Into  account.  The  Leland  modal 
discussed  below  assumes  the  firm  maxlnizas  the  axpactad  utility  of 
total  prof It. 

A dilrd  consideration  Is  whether  firms  set  market  price  or 
the  quantity  of  output  to  ba  sold.^^^  Uncertainty  Is  usually  Intro- 
duced Into  the  modal  of  the  firm  under  perfect  competition  by  assuming 
that  price  Is  a random  variable  and  that  the  firm  can  sail  idiataver 
quantity  It  wishes  at  the  prevailing  market  price,  and  In  the  more 
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general  cue  of  laperfect  coapetltlon,  by  usuaing  that  the  fim  makes 
its  output  decision  prior  to  observing  the  market  price. The 
Leland  paper  discussed  below  considers  Che  Implications  not  only  of 
this  quantlty>sectlng  behavior  but  of  price-setting  behavior  u well. 
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e.  Stochastic  Demand 

Assume  the  firm  produces  a single  output  q , Chat  It 
knows  Its  total  cost  function  with  certainty,  and  that  Its  objective 
Is  to  maximize  Che  expected  utility  of  total  profit.  Demand  Is 
uncertain.  Following  Lelnd,  uncertainty  Is  Introduced  Into  the 
ImpUclc  demand  relation  f(p,q)  • 0 , %ihere  p Is  market  price,  by 
usumlng  that  the  Implicit  deiund  relation  Itself  Is  random: 

f(Ptq.u)  - 0 , (210) 

where  u Is  not  known  at  Che  time  the  firm  sets  quantity  (or  price) , 
but  hu  subjective  probability  density  dF(u)  . It  Is  required  that, 
for  any  value  of  u , p and  q be  Inversely  related  In  accordance 
with  economic  theory,  and  that  larger  values  of  u be  usociated  with 
greater  demand.  The  variable  u represents  the  state  of  demand  and 
larger  values  of  u Imply  a more  favorable  state  of  market  deaud. 
With  these  restrictions  (210)  can  be  reexpressed  In  either  of  two 
foru: 


p(q.u)  , 

3p/3q  < 0 , 

3p/3u  > 0 

(211) 

q(p>u)  , 

3q/3p  < 0 , 

3q/3u  > 0 , 

(212) 
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where  in  each  case  the  distribution  of  the  variable  on  the  left-hand 
aide  of  the  equation  can  be  obtained  froa  the  distribution  of  u , 
but  Is  conditional  on  the  value  selected  by  the  firm  for  the  decision 
variable  on  the  right. 

b.  The  Quantity-Setting  Firm 

In  this  subsection  the  firm  facing  random  demand  must 
determine  Its  quantity  of  output  prior  to  observing  the  actual  market 
price. The  probability  distribution  of  price  Is  conditional  on 
the  value  of  q selected,  as  Implied  by  (211) . The  model  of  the  firm 
Is  formulated  as  the  following  unconstrained  optimization  problem: 

maximize  E [U(‘(r)]  , (213) 

{q} 

where  U(ir)  Is  the  utility  of  total  profit  and  where  total  profit 
IT  Is  given  by 

TT  ■ p(q,u)  • q - C(q)  - F , (21A) 

where  C(q)  Is  total  variable  cost  and  F is  fixed  cost.  Substituting 
(214)  Into  (213)  snd  differentiating  E[U(Tr)]  with  respect  to  q and 
setting  this  derivative  equal  to  zero  yields  the  necessary  condition 
for  an  optimum: 

E(Olt/3q)U'(lT)l  - E{(MR(q,u)  - MC(q) lU’ (Tf) > - 0 , (215) 
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where  MR(q,u)  » p(qiU)  + q [3p(q tU) /3q]  and  MC(q)  “ C'(q)  . The 
sufficient  condition  for  a solution  to  (213)  Is: 


E[0^ir/3q^)  U'(ir)  + U"(ir)  • OTT/3q)^]  < 0 . 


(216) 


It  follows  that  when  either  (1)  tt  Is  strictly  concave  In  q for 
2 2 

all  u , so  that  3 ir/3q  < 0 , and  the  firm  Is  risk  neutral  or  risk 

averse, so  that  U"(ir)  £ 0 , or  (11)  n Is  linear  In  q and  the 

Sfi  *) 

firm  Is  risk  averse  (U"(')t)  < 0),  (216)  holds  for  all  q so  that 

a solution  to  (215)  provides  the  global  maximum  of  expected  utility. 

To  explore  the  effect  of  uncertainty  on  the  optimal  output 
of  the  quantity-setting  firm  It  Is  necessary  to  employ  a comparative 
statics  method  of  analysis.  For  this  purpose,  first  construct  a cer- 
tainty demand  curve  equivalent  to  the  random  demand  curve  (210) . 
Following  Leland,  the  certainty  demand  curve  used  below  Is  the 
expected  price  certainty  demand  curve  formed  by  associating  with  each 
output  level,  q , the  expected  prlce:^^^ 


p - E[p(q,u)]  " f(q)  . 


(217) 


It  follows  from  the  linearity  of  the  expectation  and  differentiation 
operators  that  for  all  q the  expected  marginal  revenue,  £[MR(q,u)]  , 
Is  equal  to  the  marginal  revenue  derived  from  the  expected  price 
certelnty  demand  curve: 


d(q  • f(q)]/dq  - f(q)  + qldf(q)/dq] 


• E[p(q,u)]  + q[dE[p(qtU)]/3<ll 


(218) 
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Which  of  these  possibilities  will  hold  will  depend  on  the  attitude 
of  the  flxn  toward  risk.  Since  firms  would  normally  be  expected  to 
eidilblt  risk  aversion, the  principle  of  Increasing  uncertainty 
would  Imply  that  the  risk  averse  firm  will  produce  less  under  uncet^ 
talnty  than  it  would  under  certainty  (l.e.  (11)  holds).  This  Is 
demonstrated  below. 

Risk  aversion  Implies  that 

3[U'(ir)]/3u  - U"(ir)  • (3ir/3u)  < 0 , 

which  Implies  that 

U'Cff)  < U'CttS  , for  u > u^^  , (221) 

where  Is  total  profit  when  u ■ u^^  . From  the  principle  of 

Increasing  uncertainty  and  (220)  , 

MR(q  ,u)  > MC(q  ) , for  u > u^  . (222) 

c c c 

Combining  (221)  and  (222)  yields 

tMR(q^,u)  -MC(q^)]  • U’ (ff)  < IMR(q^,u)  - MC(q^) ] * U'(ti^  , (223) 

for  u > u^  . But  when  u < u^  both  Inequalities  (221)  and  (222) 
c c 

are  reversed  so  that  (223)  continues  to  hold.  Hence,  (223)  holds  for 
all  u snd 

E{[MR(q^,u)  -HC(q^)]  • U'(w))  < U’(V^)  • E [MR(q^,u)  - HC(qj.)]  - 0 
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(224) 


where  the  equellty  on  the  right  follcws  from  (219)  and  (220).  Thus, 
for  satisfying  the  necessary  condition  (215)  for  an  optimum  under 
uncertainty.  It  must  be  the  case  that  9^  9^  • Given  the  principle 

of  Increasing  uncertainty.  In  the  presence  of  uncertainty  the  risk 
averse  firm  will  produce  less  than  It  would  under  certainty Under 
risk  preference  the  opposite  Is  true;  Inequalities  (221)  and  (224) 
are  reversed  and  the  risk  preferring  firm  will  produce  more  under  uncei> 
talnty  than  It  would  under  certainty.  In  the  Intermediate  case  of 
risk  neutrality,  the  existence  of  uncertainty  will  not  affect  the  firm's 
output  decision. 

In  the  traditional  theory  of  the  firm,  the  firm's  output 
decision  In  the  short  run  Is  Independent  of  the  level  of  fixed  costs. 
Under  certainty  a change  In  fixed  costs  would  not  alter  optimal  output 
(or  price) This  is  generally  not  true  under  uncertainty When 
the  firm  Is  risk  averse  and  when  absolute  risk  averslon^^^  diminishes 
as  total  profit  Increases,  Increased  fixed  costs  lead  to  smaller 
output. Similarly,  If  absolute  risk  aversion  Increases  with 
Increasing  profit,  then  greater  fixed  costs  lead  to  greater  output, 
and  If  absolute  risk  aversion  Is  Invariant  with  respect  to  total 
profit,  then  the  level  of  fixed  costs  will  not  affect  the  firm's  output 
decision.  Intuitively,  for  any  level  of  total  reventie,  higher  fixed 
costs  reduce  total  profit.  Under  diminishing  absolute  risk  aversion 
(with  Increasing  profit) , the  lower  level  of  profit  Implies  a rela- 
tively greater  degree  of  absolute  risk  aversion.  The  firm  compensates 
for  this  by  setting  lower  output  In  order  to  experience  a lower  level 

of  risk  (l.e.  dispersion  of  the  probability  distribution  of  total 
572 

revenue).  Under  increasing  absolute  risk  aversion,  the  lower  level 
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of  profit  laplles  • relatively  lower  degree  of  Absolute  risk  aversion. 
In  effect,  the  firm  Is  able  to  bear  greater  risk,  and  does  so  by 
raising  Its  output  level.  In  the  Intenedlate  case,  the  degree  of 
absolute  risk  aversion  does  not  change,  and  as  a consequence,  nor 
does  the  flm's  output  level. 

The  liiq>llcatlon  of  the  traditional  theory  with  regard  to 
the  effect  on  output  of  an  Increase  In  demand  onist  also  be  modified 
when  uncertainty  Is  Introduced.  This  can  be  shown  by  utilizing  compara- 
tive statics.  Following  Leland,  an  Increase  In  demand  will  be  defined 

as  a parallel  upward  shift  In  the  demand  curve  by  a constant  amount  a 
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for  every  state  of  nature.  Such  a shift  alters  the  expected  value, 
but  not  the  shape,  of  the  conditional  probability  distribution  of 
price. 

The  new  demand  curve  Is  p*(q,u)  * p(q,u)  + a and  the 
first  order  condition  (215)  becomes 

E{[MR(q,u)  + a - MC(q)]  • U'(n  + qa)}  - 0 , (225) 

where  it  Is  defined  by  (214)  and  MR(q,u)  -(-a  Is  the  new  expression 

for  marginal  revenue.  To  find  the  effect  on  q of  a small  change  In 

<x  , take  the  total  derivative  of  (225)  and  evaluate  It  at  q ■ q and 

a 

a » 0 (l.e.  optimal  output  for  the  Initial  demand  curve).  This 

gives 

dq/da  - - E(U'(Tr)  + q(MR  - MC)  U"(lT)]/D  , (226) 
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where  D « 9[E(MR-tK)U'(ir)]/3q  <0  et  <l  " 4^  nd  a * 0 from 
(216) . The  overall  effect  of  a shift  In  demand  may  be  broken  down 
into  the  sum  of  two  effects.  The  first  Is  -E[U'(ir)]/D  , which  is 
always  positive  since  EtU'Cir)]  > 0 and  D < 0 , and  which  mi^  be 
called  the  "revenue-substitution  effect. As  demand  shifts  upward, 
the  Increase  In  expected  marginal  revenue  at  q ■ , with  marginal 

cost  unaffected.  Induces  the  firm  to  expand  output  In  order  to  Increase 
total  profit.  In  the  certainty  case,  the  Increase  In  marginal  revenue, 
with  marginal  cost  unchanged,  has  exactly  this  effect. 

Under  uncertainty  there  Is  a second  effect,  which  Is 
absent  under  certainty.  The  term  -q  • E[(MR-HC)U"(ir)] /D  ■ -q>dq/dF  , 
Is  positive,  zero,  or  negative,  depending  on  whether  absolute  risk 
aversion  Is  decreasing,  constant,  or  Increasing  (given  the  principal 
of  Increasing  uncertainty) Leland  calls  this  the  "risk-income 
effect. The  Importance  of  this  effect  Is  explained  as  follows. 
Under  decreasing  absolute  risk  aversion  (i.e.  the  "normal"  case)  the 
risk-income  effect  would  reinforce  the  revenue-substitution  effect, 
therrty  causing  an  even  greater  Increase  in  output.  Yet,  It  Is 
possible  that  a firm  could  become  Increasingly  risk  averse  as  total 
profit  rose  to  sudi  an  extent  that  the  risk-income  effect  would  out- 
wel|^  the  revenue-substitution  effect,  thereby  causing  output  to 
deoreaee  as  demand  increases. 

The  next  subsection  discusses  Leland's  model  of  the  price- 
setting firm  under  uncertainty.  To  facilitate  a comparison  of  the 
model  of  the  price-setting  firm  with  the  model  of  the  quantity-setting 
firm,  the  main  features  of  the  latter  model  are  summarised  In  tdble 
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Table  11-24  Sunmary  of  Leland's  Model 

of  the  Quantity-Setting  Firm 


Clasa; 


Finn's  Oblactlve; 
Conatralnta: 


Variables ; 
Exogenous ; 
Endogenous : 


Declsl«»; 
Paraaeters : 


Finance ; 

Certalnty/Uncertalnt 


Equilibrium/ 
Dlseoul librium: 


Time; 

Type  of  Model: 


Solution  Technique: 


modem  traditional  (see  (213)  , (214)  In  text) 

maximize  the  expected  utility  of  total  profit 

product  demand  relation  (p  ■ p(qiu));  Implicitly 
factor  supply  and  tedinologlcal  conditions 
enbodled  In  C(q) 


level  of  fixed  coats  (F) 

quantity  of  output  (q) , price  (p) • and  total 
profit  (it) 

quantity  of  output  (q) 

level  of  fixed  costs  (F)  and  demand  shift 
parameter  (a) 

subsumed 

allows  for  uncertainty  and  utilizes  the  tlae- 
state-preference  framework 

characterization  of  the  equilibrium  position 
of  the  firm  and  utilization  of  comparative 
statics  to  determine  the  effects  of  uncertainty 
on  this  equilibrium  position 

single  period 

static  optimization  (mathematical  programming 
problem) 

unconstrained  optimization  (by  substituting  (214) 
Into  (213)) 


c.  The  Price-Setting  Firm 


For  the  firm  that  chooses  to  set  price  when  demand  Is 

imcertaln,  two  cases  may  be  distinguished.  First,  the  firm  may  set 

« 

378 

price  and  then  adjust  quantity  to  meet  actual  demand.  This  case 
Is  discussed  below.  Second,  the  firm  may  fix  both  price  and  quantity, 
and  If  quantity  desMnded  la  greater  (less)  than  quantity  supplied. 


there  Is  a shortage  (surplus).  This  case,  first  discussed  by  Mills 
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579 

and  further  explored  by  Leland  and  Meyer,  la  left  to  the  next  aub- 
aectlon.  In  the  preaent  aectlon  the  first  case  la  examined  and  It 
la  ahovn  that,  %ihile  the  choice  of  control  variable  (p  or  q)  la 
laaMterlal  under  certainty.  It  la  of  considerable  importance  under 
uncertainty. 

The  firm  sets  price  and  then  observes  quantity  demanded, 
the  distribution  of  which  la  conditional  upon  tiie  price  p selected, 
as  suggested  by  (212).  Total  profit  la  given  by 


O 


IT  > p . q(p,u)  - C[q(p,u)]  - F , (227) 

which  differs  from  the  expression  for  profit  (214)  for  the  quantity 

setting  firm  In  that  the  randonness  of  q causes  total  variable  cost 
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to  become  random.  Maximizing  the  expected  utility  of  profit, 
where  profit  ir  Is  given  by  (227) , yields  the  following  first-  and 
second-order  conditions: 


E(07r/3p)U'(w)l  - E{(MR(p,u) -C'(q(p,u)  } - 0 , (228) 


where 


MR(p,u)  • q(p,u)  + p[3q(p,u)/dp]  , 


and 


O 


To  explore  the  effect  of  uncertelnty  on  optloel  price  It 
Is  necesseiy  once  egeln  to  utilize  conperetive  stetlcs,  end  aa  In  the 
preceding  subsectlcn,  to  begin  by  defining  an  appropriate  certainty 
demand  curve.  The  obvloiis  choice  la  the  expected  quantity  certainty 
demand  curve. 


q ■ E(q(p,u)l  - h(p)  , 


(230) 


lihlch  la  analogous  to  (217)  In  tiiat  with  each  price  p Is  associated 
the  expected  quantity  desunded.  Under  certainty  the  price-setting  firm 

f 

will  select  price  p * p^  satisfying 


*»(PJ +P^[<fl»(p  )/dp] -C'(h(p  )][dh(p  )/dp]  -0  . (231) 

C C C C C 


To  evaluate  the  effect  of  uncertainty  on  optimal  price  It  la  necessary 
to  evaluate  the  left-hand  side  of  (228) . If  (229)  Is  satisfied  for 
all  p , then  the  optimal  price  will  be  greater  than,  equal  to,  or 
less  Aan  p^  as  (228)  evaluated  at  p ■ p^  Is  positive,  zero,  or 
negative.  As  In  the  case  of  the  quantity-setting  firm,  the  firm's 
attitude  toward  risk  plays  a crucial  role  In  determining  the  effect 
of  uncertainty  on  optimal  price.  But,  In  contrast  with  the  quantity- 
setting firm,  the  shape  of  C(q)  will  also  have  a bearing  on  how 
uncertainty  affects  the  selection  of  optimal  price. 

Under  risk  neutrality  with  constant  marginal  cost, 

uncertainty  has  no  effect  on  the  price-setting  firm's  selection  of 
581 

p . But  when  marginal  cost  is  nonconstant,  the  effect  of  uncertainty 

582 

Is  no  longer  zero  — even  If  the  firm  is  risk  neutral. 
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Under  risk  aversion  the  effect  of  uncertainty  on  optlnal 
p depends  critically  on  how  the  uncertainty  of  profit  changes  In 
response  to  a change  In  price,  or  in  sysliols,  on  how  3ir(p,u)/3p  in 
(228)  behaves  as  a function  of  u . Results  are  readily  obtainable  If 
3^(p.u)/3p  is  either  Invariant  or  changing  monotonlcally  (either 
increasing  or  decreasing)  with  respect  to  u For  example,  if  it 

is  monotonlcally  Increasing  and  if  p^  Is  the  optimal  price  charged 
by  tlie  risk  neutral  firm,  then  it  can  be  shown  that 
E{U' (it)  [3n(p^,u) /3p] } < 0 , which  Implies  that  the  risk  averse  firm 
will  charge  a lower  price  than  the  risk  neutral  firm.  Similarly,  if 
3ir(p,u)/3p  Is  independent  of  u , changing  the  degree  of  risk  aversion 
will  not  cause  the  optimal  price  to  change,  while  if  3Tr(p,u)/3p  is 
monotonlcally  decreasing  with  u , the  risk  averse  firm  charges  a 
higher  price  than  the  risk  neutral  firm.  Since  there  are  no  a priori 
grounds  on  whldi  to  base  a conjecture  on  tlie  sign  of  3[3ir(p  ,u)/3p]/3u  , 
the  analysis  Is  Inconclusive.  Thus,  since  changes  In  cost  uncer^ 
talnty  may  or  may  not  offset  changes  In  total  revenue  uncertainty,  it 
is  impossible  to  say  Just  how  the  uncertainty  of  profit  changes  In 
response  to  dtanges  In  price.  As  a consequence,  the  principle  of 
increasing  uncertainty,  which  was  invoked  in  the  previous  subsection 
to  drew  definite  conclusions  regarding  the  effect  of  uncertainty  on 
the  optimal  output  of  quantity-setting  firms.  Is  alone  insufficient 
for  deriving  comparetive  conclusions  for  prlca-sattlng  flnw  because 
of  the  random  nature  of  these  firms'  costs. 

The  distinguishing  characteristics  of  Leland's  model  of 
the  quantity-setting  firm  under  uncertainty  are  summarised  in  table 
11-25. 
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quantity-setting  flrai  will  (If  the  principle  of  Increasing  uncer- 
tainty holds)  generally  produce  less  under  uncertainty  than  It  would 
under  certainty,  but  whether  the  price-setting  firm  charges  a higher 
or  lower  price  will  depend  on  how  the  uncertainty  of  profit  changes 
as  price  changes. 

The  Leland  models  Just  discussed  are  single  period  models 

of  the  single  product  firm.  Neither  the  restriction  to  a single  period 

nor  the  restriction  to  a single  product  Is  a serious  limitation, 

however.  Z^el  has  developed  a multiperiod  model  of  the  single  product 

588 

firm  under  uncertainty,  and  several  models  of  the  multiproduct 

589 

firm  under  uncertainty.  Including  models  due  to  Dhrymes  and  Meyer, 

have  appeared  In  the  literature.  The  Meyer  model  Is  set  out  in  the 

next  8id>sectlon.  By  focusing  their  attention  on  the  firm's  pricing 

and  output  decisions,  the  Leland  models  discussed  above  subsume  first, 

the  firm's  Input  decisions,  and  second,  finance  and  the  role  of  the 

firm's  shareholders.  Holthausen  and  others  have  studied  the  Impact 

590 

of  uncertainty  on  the  firm's  Input  choices.  Holthausen  found  that, 

under  risk  aversion,  the  price-setting  Imperfect  competitor  employs 

a less-dian-efflclent  expected  capital-labor  ratio  and  that  Increasing 

591 

risk  aversion  tends  to  decrease  the  firm's  capital  stock.  The 
Interectlon  between  the  stock  market  and  the  firm's  production  decisions 
has  also  been  studied  recently.  The  final  model  outlined  In  this 
section  Is  a second  model  due  to  Leland  that  Incorporates  the  stock 
market. 
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3.  The  Rlek-Efflclent  Multiproduct  Firm 
/ 

In  the  previous  subsection  the  firm  produced  a single  output 
and  set  either  price  or  quantity,  but  not  both,  prior  to  observing 
actual  TDAtket  demand.  In  this  subsection  the  firm  produces  n goods 
and  determines  the  price  and  quantity  of  each  to  be  supplied  to  the 
market  before  actttal  demand  Is  known.  First,  the  basic  model  Is 
developed  for  uncorrelated  demands,  and  then  the  model  Is  adapted  to 
allow  for  correlations. 

a.  The  Meyer  Model^^^ 

A firm  produces  n goods,  the  amounts  of  which  are  denoted 
593 

by  q > q2  *****  ^ ‘ product  markets  the  firm 

enjoys  a monopoly,  so  that  the  market  demand  curve  for  the  1-th  good, 

which  will  be  denoted  by  ^n*  “l^*  ^ ^ ” * 

Is  also  the  firm's  demand  curve  for  the  1-th  good,  where  Is  the 

quantity  demanded  of  the  1-th  good,  p^  Is  the  market  price  of  the 

i-th  good  set  by  the  firm,  and  u^  Is  the  state  of  nature  within  the 
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market  for  the  1-th  good.  Given  the  prices  p^  , ...  , p , 

2 2 

quantity  demanded  has  mean  E[D^]  ■ and  variance  E[(D^-D^*)  1 » 

both  of  which  are  assumed  finite.  For  comparison  with  riskless 
settings,  the  expected  quantity  certainty  demand  curve, 

D^*  - E[D^(Pj^  , , Pq*^)]  “ h(pj^ p^)  , (232) 

which  Is  analogous  to  (230)  for  the  Leland  model,  is  used.  It  is 

assumed  that  the  firm's  total  cost  function,  which  Is  denoted  by 

C(q^  , ...  , where  Q represents  capacity.  Is  known  with  certainty. 


f 

1 

i 


i 
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The  use  of  the  capacity  variable  Q needs  further  explana- 
tion. In  the  peak-load  pricing  problem  units  of  output,  say 

kilowatts  of  electricity,  are  sold  each  period.  The  firm  (l.e.  electric 
power  utility)  has  a fixed  capacity  of  Q kilowatts  per  period,  so 

595 

that  there  are  n production  constraints,  q^^Q,l>l,  ...,n. 

For  the  case  of  the  discriminating  monopolist,  again  say  an  electric 

utility,  but  this  time  selling  to  n different  groups  of  customers 

” 596 

In  one  period,  there  Is  the  production  constraint  ^ Q • 

1-1  ^ 

In  each  case  Q Is  a physical  constraint  on  the  number  of  units  that 

may  be  produced.  This  treatment  of  capacity  differs  from  the  more 

conventional  treatment  of  the  firm  In  the  short  run  In  which  the  firm 

Is  always  free  to  Increase  output  by  using  additional  amounts  of  the 

variable  Inputs  and  In  which  the  law  of  diminishing  returns  ensures 

that  with  fixed  capital  stock  the  short  run  cost  curves  eventually 

597 

become  progressively  steeper  as  output  Is  Increased.  This  steep- 
ening and  the  conventional  MR  - MC  rule  for  profit  maximization  make 
It  unnecessary  to  consider  explicitly  physical  constraints  on  capacity. 
In  many  Industries,  such  as  electric  power  generation,  marginal  costs 

may  rise  very  slowly,  or  possibly  even  remain  constant  or  decline  as 

598 

capacity  Is  approached,  so  that  the  physical  constraint  on  capacity 

must  be  stated  explicitly.  In  keeping  with  Meyer's  approadi,  the 

599 

outputs  q^  , ...  , q^  must  satisfy  the  capacity  constraint 


cUj V - ^ 


(233) 


where  g Is  a continuously  differentiable  function  of  the  9^'*  i 
which  are,  as  usual,  restricted  to  be  nonnagatlva.  When  there  is  strict 
Inequality  In  (233)  there  Is  said  to  be  'spare  capacity'. 
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In  addition  to  (233)  and  the  nonnegativity  constraints  on 
the  p^'s  , 4^'*  • Q • there  are  n chance  constraints  that 

relate  the  quantity  supplied  of  each  good  to  the  random  quantity 
demanded.  In  the  certainty  case  the  riskless  constraint  < q^ 
ensures  that  all  demands  are  satisfied.  For  the  case  of  the  discrimin- 
ating monopolist,  at  least,  this  also  ensures  that  the  market  Is  In 
equilibrium  (i.e.  quantity  demanded  = quantity  stippUed  at  the  prevailing 
price)  when  the  monopolist  Is  In  equlllbrltim.  But  under  uncertainty 
sudi  a constraint  Is  not  meaningful  since  the  actual  quantity  demanded, 

, Is  a random  variable.  The  most  direct  generalization  of  the 
600 

riskless  constraint  Is 

Prob  > q^^}  1-1,...  ,n,  (234) 

whldi  states  that  the  probability  that  quantity  demanded  exceeds 
quantity  supplied  cannot  exceed  , where  0 < < 1 . For  the  case 

of  the  discriminating  monopolist,  the  probabilistic  constraint  (234) 
lap lies  that,  when  the  monopolist  Is  In  equilibrium,  the  market  may 
not  be  since  quantity  demanded  can  exceed  quantity  supplied  (at  tiie 
prevailing  price) . It  will  be  simpler  In  what  follows  to  be  able  to 
work  with  the  riskless  equlva^|ptat  of  (234)  t 

q^  > D^*  + , (235) 

where  Is  the  nwaber  of  standard  deviations  above  the  mean  demand 
just  needed  to  satisfy  (234) 


3. 


V - {E[irl  - RBo^}  , 


(236) 


where  p Is  the  riskless  rste  of  Interest.  E[ir]  Is  expected  total 

profit,  R Is  the  Berket-deteralned  price  of  risk,  and  3a  gives 

risk  as  the  product  of  tiie  standard  deviation  of  the  fin's  total 

profit,  , times  the  coefficient  of  correlation,  3 , relating  the 

fin's  total  profit  to  overall  market  returns  (i.e.  the  returns  on  a 

603 

portfolio  made  up  of  all  firms'  securities).  In  (236)  total  profit, 
TT  , can  be  expressed  as 

n 

W P^D^  - C(qj^  , , q^,Q)  , (237) 


provided  it  is  assumed  that  in  (234)  has  bean  chosen  small  enough 
so  that  the  nuhbar  of  lost  sales  is  insignificant.  When  is  chosen 

in  this  manner,  the  probability  that  the  market  for  the  i-th  good  will 
be  in  disequilibrium  whan  the  fin  is  in  equilibrium  is  made  small. 

If  it  is  assumsd  that  the  demands  for  the  different  goods  are  uncorre- 
lated, than,  from  (237) , the  standard  deviation  of  total  profit  is 


o,  • ( I P.^  a . (238) 

i-1  ^ 

Substituting  (237)  and  (238)  into  (236)  and  evaluating  B(ir)  in  tarns 


i 


of  E[D  I « D * gives  the  new  objective  function 


To  naxlalze  (238)  the  fin  nuet  select  optiael  values  for  the  p 


and  Q from  saong  tiiose  values  satisfying  (232) , (234) , snd 


the  nonnegativity  constraints.  The  sndel  of  the  fin  can  be  fonulated 


the  following  swtheMtlcal  prograaaing  problea: 


subject  to 


The  necessary  conditions  for  an  optlaal  solution  to  (240) 


arc.  In  addition  to  (233)  and  (235),  the  following 


These  necessary  conditions  can  be  used  collectively  to  characterlaa 


the  aqulllbrlwB  poaition  of  the  discrialaatlng  aonopolist 


Optiaal  capacity  Invaataant*  Q 


(243),  which  can  be  rewritten  as  followa: 


The  rli^t-hand  aide  of  (244)  Is  Interpreted  aa  the  aarglnal  cost  of 
capacity,  capitalized  at  the  rlsklesa  rate  of  Interest,  and  the  left- 
hand  side  Is  Interpreted  as  the  'risk-adjusted'  quasi-rent  on  capacity 
■easured  as  the  Instantaneous  rate  of  change  of  the  total  aarket 
value  of  the  f Ira  with  respect  to  an  Increase  In  capacity . Thus , 
condition  (244)  Is  Just  the  fealllar  equlllbrlua  condition  equating 
aarglnal  value  to  aarglnal  cost,  this  tlas  applied  to  Investaent  In 
capacity  «nder  taiccrtalnty. 

The  flra's  optlaal  pricing  policy  Is  suggested  by  (241) . 

By  dividing  eadi  side  of  (241)  by  dD^*/dp^  sad  rearranging  teras, 
(241)  becoaes 


lAare  Mk^*  * (dp^/dD^*)  is  die  equlllbrlia  value  of  rlsklesa 

aarglnal  revanua^^  and  cr^  Is  glvan  by  (238) . The  expression  In 

brackets  Is  intarpxetad  as  risky  aarglnal  revenue,  which  Is  equal  to 

rlsklass  aarglnal  revenue  plus  a aarglnal  risk  adjustasnt, 

dp.  Mp^o  2 

. LA.  . Squaclon  (245)  states  that  at  optlaaUty  tha  Lagraa; 

^ ®ir 

asltlpllcr  glvea  the  capltallsad  value  of  risky  aarglnal  revenue 
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for  the  1-th  good.  Mots  that  since  R , p^  , , and  are 

all  aoaaagatlve  In  (245) , while  dp. /dD.*  Is  negative  and  B aay  be 


either  positive  or  negative  (or  sero),  the  sign  of  8 determines  the 
sign  of  the  marginal  risk  adjustment.  The  significance  of  the  sign 
of  8 Is  discussed  below. 

Optimal  production  policy  is  defined  by  (242) . After 
using  (244)  to  substitute  for  X , equation  (242)  yields  the  equilibrium 
condition 


i|c_  ^ 1 3c|a. 

p^  p3Q^’  ^ ^ 


(246) 


The  rlg^t-hand  side  of  (246)  la  Interpreted  as  capitalised  marginal 
1 3C 

production  cost,  ~ ‘rr~  t pXu*  capitalised  marginal  capacity  cost, 

P 

^ ^ aids,  as  in  (245),  Is  Interpreted  as 

the  capitalised  value  of  risky  marginal  revenue.  According  to  equation 
(246),  given  optimal  prices  and  capacity,  the  firm  should  continue 
to  expand  the  output  of  each  good  up  to  the  point  at  idilch  the  capi- 
talised value  of  risky  marginal  ravmnuc  Just  equals  capitalised  marginal 
production  cost  plus  capitalised  marginal  capacity  cost.^^^ 

How  the  existence  of  uncertainty  affects  the  behavior  of 
the  rlrm  Is  Isrgely  determined  by  8 When  the  profits  of  the  firm 
are  uncorrelated  with  ovarall  market  returns,  so  that  8 ■ 0 , the 
marginal  risk  adjustment  term  In  (245)  disappears  and  (245)  end  (246) 
together  yield  the  equilibrium  condition  tndcr  certainty, 


*1*  " l?7  ^ ^ ^ 

X X n 


(247) 


Provided  the  fim  diooses  e 


saell  enou^  to  ensure  thet  D.*  la 


the  average  quantity  sold,  the  behavior  of  the  firm  la  not  otherwise 


affected  by  the  presence  of  uncertainty.  This  is  not  true  when 
3^0.  If  the  firs' s profits  are  positively  correlated  with  overall 
market  returns  (l.e.  profits  vary  cyclically),  then  3 > 0 , risky 


marginal  revenue  exceeds  riskless  marginal  revenue  at  each  level  of 


output,  and  It  follows  that,  for  given  output  levels  q 


effective  demand  for  capacity  would  require  lower  prices  under  uncer- 


talnty  than  would  be  required  under  certainty.  When  profits  are  nega- 
tively correlated  with  overall  market  returns  (l.e,  profits  vary 


couitercycllcally) , then  3 < 0 and  the  opposite  Is  true 


The  next  subsection  generalizes  the  model  Just  discussed 


to  permit  nonzero  correlations  between  demands.  By  way  of  summarizing 


the  discussion  thus  far,  the  distinguishing  features  of  Mayer's 


model  of  the  firm  when  demands  are  uncorrelated  arc  presented  In 


table  11-26 


b.  The  Problem  of  Correlation  Between  Demands 


Thus  far  In  the  discussion  It  has  bean  assumed  that  demands 


on  a particularly  simple  form.  To  allow  for  nonaero  correlations 


bet%ieen  demands  requires  two  fundamental  changes  In  the  nodal  (240) 


This  s«d>sactlon  describes  the  needed  chaagas 


Plrst,  the  expression  for  a 


the  standard  deviation  of 


the  firm's  total  profit.  In  the  valuation  aquation  (239)  must  ba  modified 


The  basic  valuation  aquation  is  still  (236)  and  total  profits,  r 


Table  11-26  Suonaiy  of  Meyer's  Model  (with 
Uncorrsleted  Demands) 


Class; 

Finn's  Objective ; 


Constraints : 


Vsrlablss; 
Exoaenoue ; 


Endogenous: 


Decision: 


Finance : 


Equilibrium/ 
Dlssqul librium: 


Time; 

Type  of  Modal: 


Solution  Tschnlaus : 


modem  traditional  (see  (240)  In  text) 

maximize  the  total  market  value  of  the  firm 

market  demand  conditions  (as  eofcodled  In 

D*  ■ ••••  probabilistic  constraint 

on  pro^rclon  of  imsatlsfled  demands  (as  embodied 

“d  capacity  constraint 

(as  eibodled  In  g(q  ) < Q)  ; snd  li^Ucltly, 

technological  and  factor  simply  conditions  (as 
eni>odled  In  C(q^, . . . ,q^,Q)) 

maximum  proportion  of  demands  for  each  good 
that  go  unsatisfied  (e  ) and  hence  the  nunf>er 
of  standard  deviations  (N.)  (of  quantity  supplied 
above  expected  quantity  demanded) , market  price 
of  risk  (R) , correlation  coefficient  ($) , and 
the  variance  of  quantity  demanded  for  eadi  good 
(0^2) 

total  market  value  of  the  firm  (V) , price  of 
each  good  (p  ) , quantity  supplied  of  each  good 
» capacity  (Q) , and  expected  quantity 
demanded  of  each  good  (D^*) 

price  of  eadi  good  (p^) , quantity  supplied 
of  each  good  (q^) , and  capacity  (Q) 

subsumed 

permits  uncertainty  and  utilizes  the  mean- 
variance  framework 


characterization  of  the  equilibrium  position 
of  the  firm,  while  permitting  one  or  more 
product  markets  served  by  the  firm  to  be  In 
disequilibrium 

single  period 

static  optimization  (mathematical  programming 
problem) 

classical  Lagranga  multipliers  (or  generalised 
Lagrange  multipliers  If  one  or  more  Inequality 
constraints  are  to  be  permitted  to  be  non- 
blndlng  at  optimality  — sae  footnotes  60S 
and  609) . 


365 


■till  given  by  (237),  but  %ihen  demands  are  correlated  the  standard 
deviation  of  total  profit  is 


quantities  demanded  of  the  i-th  and  J-th  goods 


Second  the  character  of  random  demand  is  more  complex  due 


to  the  correlations.  The  optimum  output  levels  cannot  be  determined 


separately.  The  interactions  among  quantities  demanded  require  that 
Ae  n separate  constraints  given  by  (234)  be  replaced  by  the  constraint 


0 ) is  a random  n^vector  of  quantities 


where  D 


q ) is  a nonrandom  n-vector  of  quantities 


produced,  and  0 < e < 1 . Letting  D*  ■ (D.* 


assuming  that  Q ■ E[(D-D*)  (D-D*)  ] is  nonsingular  and  positive 


definite 


its  such  that  tha  constraint  is  satisfied  with 


n~^(q-D*)  , then  the  constraint  (249)  can  be  reexpressed  in  the 
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equivalent  riskless  form 
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Given  these  aodl  fleet  lone,  the  aodel  of  the  fin  cen  be 
refonuleted  as  the  following  aatheaatleal  prograaalng  problea: 


■axlalee:  V - -Jt  E p D.*  - C(q  , , o ,Q) 

- R0{  E p 2a  2 + 2 E P^P.O  }**] 

1-1  ^ ^ l>j  ^ J 

subject  to:  > D^*  i-l|...»n  (251) 

g(qj^  I ...  . q^)  1 Q 

**1-®’  i“l n;  Q>0, 


where  Is  the  1-th  eleaent  of  the  n-vcctor  oSl  . Fonlng  the 
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Lsgranglan  and  differentiating  would  yield  first  order  conditions 
very  slallsr  to  (241)  - (243) . Indeed,  (242)  and  (243)  are  unchanged 
and  (241)  is  only  allgjhtly  dianged  as  follows: 


9L 


do.*  R6(p.o 

dp  "i  a, 


liE 


dO^e 


1 dp. 


- 0 


1—1  , ...  ,n 


(252) 


The  presence  of  correlated  deasnds  does  not  affect  the  production  and 
Investasnt  decision  rules,  but  It  does  affect  the  fin's  pricing 
policy.  This  can  bs  seen  aore  easily  by  rewriting  (252)  as 


a . 

.a 


^ J iJ  )] 

dOf* 


(253) 
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where  MR^*  is  once  again  interpreted  aa  the  rlakleaa  marginal  revenue 

and  Is  once  again  Interpreted  as  the  capitalised  value  of  risky 

marginal  revenue. But  whereas  Is  unchanged  from  (245), 

2 2 

has  been  modified  by  the  replacement  of  p.o.  with  p.o.  -t-  £ 
to  reflect  the  fact  that  the  standard  deviation  of  the  firm's  profit, 
which  Is  one  component  of  risk,  depends  on  the  correlations  between 
demands. 


In  a world  of  certainty  the  prices  charged  by  a discriminating 
monopolist  must  always  exceed  marginal  production  cost  whenever  demand 
Is  less  than  perfectly  elastic. This  Is  no  longer  true  under  uncer- 
talnty.  The  term  In  braces  In  (253)  represents  the  marginal  risk 
contributed  by  the  1-th  group  of  customers.  Since  prices  are  nonnega- 
tive, the  marginal  risk  contribution  can  be  negative  when  the  correla- 
tions are  sufficiently  negative.  If,  as  is  normally  assumed, 

stodc  market  investors  are  risk  averse,  then,  for  any  given  level  of 
expected  profit,  the  total  market  value  of  the  firm  will  be  maa^mlxed 
by  selecting  prices  that  minimise  total  rlsk.^^^  It  follows  that  those 
groups  of  customers  for  which  the  marginal  risk  contribution  la  nega- 
tive will  pay  prices  that  are  lower  relative  to  marginal  production 
cost  than  groups  of  customers  for  whldi  the  marginal  risk  contribution 
is  nonnegative.  Conceivably,  the  prices  charged  one  or  sure  groups 

of  customers  could  lie  below  marginal  production  cost  ~ something  that 

618 

could  never  happen  In  a riskless  setting  — and  possibly  even  lie  in 

618 

the  range  irtiere  riskless  marginal  revenue  Is  negative.  The  reason 
for  this  is  that  In  a risky  setting  where  Investors  are  risk  averse  It 
will  be  In  the  firm's  economic  Interest  to  sacrifice  soma  axpected 
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profit  whenever  doing  so  will  enable  a reduction  in  overall  risk 
sufficient  to  increase  the  total  aarket  valu?  of  the  flra. 

For  the  aultiproduct  fin,  then,  there  are  two  reasons 
why  a product  might  sell  at  a price  below  narginal  production  cost. 

The  first,  strong  coaplenentarltles  among  the  products,  exists  whether 
or  not  there  is  uncertainty.  The  second,  a strong  negative  marginal 
risk  contribution,  is  a consequence  of  market  equilibrium  in  a risk 
averse  stock  market  in  an  uncertain  world. 

To  summarize  the  dlscuaslon  of  the  Meyer  model  with  nonzero 
correlations  between  demands,  the  distinguishing  characteristics  of 
the  model  are  presented  in  table  11-27. 

The  model  discuased  in  the  next  subsection  tskes  a much 
closer  look  at  the  link  between  the  stock  market  and  the  firm's  produc- 
tion decisions.  In  particular,  it  will  be  found  that  In  a risky  envir- 
onment the  stock  market  value  of  the  firm  has  a crucial  direct  Impact 
on  the  firm's  output  decision,  and  further,  that  the  maximization  of 
tile  stock  market  value  of  tiie  firm,  which  was  assumed  in  the  Meyer 
model,  does  not  in  general  lead  to  a Pareto  optimal  choice  of  outputs. 

A.  The  Role  of  the  Stock  Market:  Value  Maxlsdsatlon  Reconsidered 

Earlier  in  thia  section  It  was  found  that  when  there  is  a com- 
plete set  of  markets  for  contingent  claims  it  is  in  the  best  Interests 
of  every  shareholder  to  have  the  firm's  managers  maximize  the  total 
Mtket  value  of  the  firm.  Eadi  firm's  tlms-state-contingent  returns 
are  evalucted  at  tiie  established  market  prices  of  time-state-contingent 
claims,  wl^ldi  are  equal  to  the  respective  marginal  rates  of  substitution 
for  eadi  shareholder,  as  indicated  by  the  equilibrium  conditions  (201) . 
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Table  11-27  Summary  of  Meyer's  Model 
(with  Correlated  Demands) 


Class; 

Firm's  Oblectlve; 
Constraints; 


Variables; 
Exogenous ; 


Endogenous ; 


Decision: 


Finance; 

Certainty /Uncertainty 

Equilibrium/ 

Disequilibrium; 


Tima; 


pe  of  Model; 


Solution  Technique; 


modem  traditional  (see  (251)  In  text) 

maximize  the  total  market  value  of  the  firm 

market  demand  conditions  (as  embodied  In 
D^  ■ D (p  tUj^)),  probabilistic  constraint 

on  proportion  of^unsatlsfled  demands  (as 
eabodled  In  q . > D. * + S . ) , and  capacity 

constraint  (as  embodied  In  g(q, ) £ Q) ; 

and  Implicitly,  technological  md  factSr  supply 
conditions  (as  embodied  In  C(q  ,...,q^,Q)) 


maximum  proportion  of  demands  that  go 
unsatisfied  (c)  and  hence  the  number  of 
'standard  deviations'  (n  ) (of  quantity  supplied 
above  expected  quantity  demanded) , market  price 
of  risk  (R) , correlation  coefficient  (B) , 
and  variance- covariance  matrix  (SI) 

total  market  value  of  the  firm  (V) , price  of 
each  good  (p. ),  quantity  supplied  of  each  r^ood 
(q  ) , capacity  (Q)  , and  expected  qua:itlty 
demuided  of  each  good  (D^*) 

price  of  each  good  (p. ) , quantity  supplied  of 
each  good  (q^) , and  capacity  (Q) 

subsumed 

permits  uncertainty  and  utilizes  the  mean- 
variance  framework 

characterization  of  the  equilibrium  position 
of  the  firm,  while  permitting  one  or  more 
product  maricets  served  by  the  firm  to  be  In 
disequilibrium 

single  period 

static  optimization  (mathematical  programotlng 
problem) 

classical  Lagrange  multipliers  (or  generalized 
Lagrange  multipliers  If  one  or  more  constraints 
are  to  be  permitted  to  be  nonbinding  at  optimality). 


In  such  a world  all  shareholders  would  unanimously  agree  on  the  desira- 
bility of  any  proposed  action  by  the  firm  that  promised  to  Increase  the 
firm's  total  markat  valua. 


When  ■arkcte  ere  incooplete,  shereholdere  ere  no  longer  eble 
Co  Insure  egalneC  every  contingency.  Their  aerginel  rates  of  siibsti- 
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tution  for  tiae>stete-contingent  incoae  claims  may  differ.  Consequently, 

shareholders  auiy  disagree  on  the  desirability  of  .a  proposed  action  by 

Che  firm  becauae  of  the  decision's  effect  on  the  time-state-distribu- 

Cion  of  retuma.  In  particular,  value  maximisation  by  the  firm  will 

620 

not  in  general  be  Pareto  optimal  for  the  firm's  shareholders,  and 

the  firm  cannot  evaluate  proposed  investments  merely  on  the  basis  of 

621 

what  effect  they  will  have  on  the  share  price. 

In  the  Leland  model  dlscuased  below  it  is  shown  that  there  can 

still  be  stockholder  imanlmity  with  respect  to  the  production  and 

investment  decisions  of  the  individual  firm,  independent  of  luvestors' 

subjective  probability  distributions  and  the  shapes  of  their  utility 

functions,  provided  that  the  alCematlve  decisions  open  to  the  firm 

( ^ would  not  alter  the  set  of  state-distributions  of  returns  available 

622 

to  Indlvlduala  in  the  whole  economy.  It  is  also  shown  that  in 

general  the  output  decisions  favored  by  shareholders  will  not  maximize 

623 

the  stock  market  value  of  the  firm. 

Consider  an  economy  in  %rhiah  there  are  N -f  1 firma,  indexed 
624 

j>0,l,...  ,N.  Each  firm  produces  a single  good  and  acts 

625 

as  a quantlC}r-setCer,  aa  deacribed  by  Baron  and  Sandmo.  Tha  firm 


I acts  as  a price-taker,  where  price  is  dependent  on  the  state  of  nature 

I 6 . Cost  functions  are  known  with  certainty,  and  the  J-th  firm's  total 


r 


■ 
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when  and  an  prlca  and  output,  napactlvaly,  for  the  j-th 

flm.  Aaauaa  the  seroth  flxa  faeea  a certain  prlca,  ao  that  ita 
total  profit  la  given  by  w®  ■ p°  • q**  - C°(q®)  Each  flm  iaaues 

shana,  which  npreaent  clalaa  to  proflta  sudi  that  ownenhlp  of  a 
fraction  a^'^  of  the  total  ahana  of  the  flm  outatandlng  entltlea 
the  1-th  ahanholder  to  total  nturna  a^V  . Only  equity  financing 
la  considered,  so  that  the  total  aaxket  value  of  the  J-th  flm's  equity, 

, also  npnsents  the  total  aaxfcet  value  of  the  flm. 

Further  assuoie  there  an  M Investors,  indexed  1 ■ 1 , ...  , M . 
Each  Investor  can  be  described  by  the  following  thne  attributes: 

(I)  The  1-th  Investor's  current  portfolio  Is  npnsented  by  the 

vector  t •••  t »£  ) » when  0^^-*  Is  the  fraction 

**  — J 

ha  owns  of  the  1-th  flm  and  £ s.  "1,  J"0,1,...  ,N. 

1-1 

(II)  The  i-di  Investor  has  utility  fmetlon  , which  Is 

unique  up  to  a positive  linear  transfonutloo  and  which  gives 

utility  as  a function  of  ntun  and  the  state  of  natun. 

au  (R  ,6) 

In  addition,  Uj^'(Rj^,0)  - — > 0 (leplylng  nonsatia- 

aVcR  ,0) 

blUty)  and  O/’(R,,0)  < 0 • 

^ ^ aR^ 

(III)  Tha  1-th  Investor's  subjective  probability  asasure  over  the 

states  of  natun  Is  , and  expectation  with  nspect  to 

Is  denoted  by  E^  . 

Eadi  Investor  Is  assuesd  to  eaxlalsa  expected  utility,  when  utility 
la  given  by  (11) . Given  his  current  portfolio  9^  and  arbitrary 
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'A.  t** 


■arket  values  V - (V  • V , . . . , V„)  , the  sat  of  portfolios  the 

0 1 N 

i-th  investor  can  afford,  B(V,s^)  is  given  by 

B(V,7j)  - {s^  e Z V^(s^*^ -7^^)  < 0}  . (255) 

Nonsatiability  iaplies  that  the  only  candidates  for  an  optioal 
portfolio  will  be  those  that  lead  to  equality  in  (255).  Therefore, 
the  equillbriuB  aarket  values  and  portfolios  must  satisfy 

E V^(s.^-8.^)  - 0 , for  all  1 . (256) 

J-0  ^ ^ 

Define  R , the  total  return  to  a portfolio  s.  , as 
N ^ 

R.  ■ E rr^  s.^  , and  using  (256)  to  substitute  for  s.°  , the  total 
J-0  ^ 

return  to  the  i-th  investor's  portfolio  becoaes 

N . . N . . . 

R.  - r E + E (flJ  - rV^)s/  , (257) 

J-0  J-1 

where  r = ir°(q°)/v‘’  , the  rate  of  return  ('dividend  yield')  on  the 
riskless  security. 

The  collection  of  portfolloa  , . . . , i^^)  , 

i • 1 , ...  , N , together  with  the  aarket  values  V > (V°  , . . . , V^) 
are  said  to  constituts  a finanoial  equitibrium  relative  to  the  firas' 

o II 

production  decisions  q <■  (q  , , q ) provided  the  following  two 

627 

conditions  ere  satisfied: 


373 


(1)  Given  q and  V • for  each  invaator,  1 , a^  is  optimal 
in  B<V,8^)  ; Chat  ia,  a^  is  cha  solution  to  tha  problem: 

mazimlza:  E^(U^(R^t6)]  (258) 

8^  e B(V,7^) 

According  to  (258) , tha  portfolio  s^  ia  tha  one,  selected 
from  among  the  individual's  sac  of  affordable  portfolios 
(i.e.  B) , that  maxlmlzas  his  expected  utility  of  total 
portfolio  return  (i.e.  R^) . Possessing  this  portfolio,  the 

Indivldtial  investor  will  be  in  equilibrium. 

A 

(li)  Given  q , V equates  the  supply  of  and  demand  for  each 
security;  chat  is, 

Z - 1 . J - 0 N . (259)  ( J 

1-1  ^ 

A 

According  to  (259) , the  Mrket  values  V must  be  equilibrium 
market  values,  i.e.  for  each  j,  J-0,...  ,N,  the 
market  value  must  be  such  chat  the  associated  price  of 
each  security  (e.g.  price  of  each  share  of  common  stock) 
equates  the  supply  of  to  the  demand  for  the  outstanding  shares 
of  the  J-Ch  security. 

The  reason  for  fixing  q in  (i)  and  (ii)  is  that  a change  in  q will 
alter  the  distributions  of  profits  perceived  by  investors.  Therefore, 

the  flnsBcial  equilibriw  °°  9 • 

Condltioiw  (i)  of  financial  equilibrium  require  that  each 
Investor  solve  problem  (258).  Using  (257),  which  was  obtained  by  using 

@ 
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(256)  to  cllalnat*  ■ubstituta  for  yield*  an  unconstrained 

■axialzation  problem  equivalent  to  (258).  The  necessary  conditioiw 
for  a maximum  are 


EilUi’(Ri,e)  {ir^-rV^}]  - 0 ; J - 1 N ; 

i • 1 , ...  , M . 


(260) 


Substituting  for  using  (254)  permits  (260)  to  be  rwritten  as 


EilUi’(R^,e)  {p^(e)q^-C^(q^)-r^}J  -0;  J-1,...,H;  (261) 

i - 1 , ...  . M . 


Coabining  equations  (256),  (259),  and  (260)  (or  (261))  produces  a 
system  of  (N  -f  1)  (M  -f  1)  equations  in  the  (N  + 1)  (M  -t-  1)  unknewos 
( s^^  and  V^,  i-1,...  ,N;  J*0,...  ,N  The  solution  to 

this  system  of  equations  provides  the  collection  of  individual  port- 
folios and  the  set  of  security  prices  that  constitute  a financial 
equilibrium  (vhich,  it  must  be  emphasized,  is  contingent  upra  the 
firms'  output  decisions). 

o N 

A vector  of  outputs  ^ * (^  , ...  , ^ ) is  said  to  constitute 

a produoticn  tqtiilibriwi  when  outputs  Q are  "in  tiie  stockholders' 
interests"  — in  the  sens*  that  there  does  not  exist  some  other  vector 

of  outputs  q - (^ ^)  at  which  all  stockholders  would  be 

better  off  — when  current  portfolio*  and  market  values  constitute  a 
financial  equilibrium  relative  to  $ . Thus,  when  production 
equilibrium  and  financial  equilibrium  hold  simultaneously,  there  is 
no  impetus  for  ^ 9 , or  any  of  the  fi^'s  to  change.  This  notion 

O 
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of  a production  aqulUbrluB  dlffara  froa  tiia  notion  of  the  aqullibriuB 
level  of  output  discussed  previously  in  that  the  vector  q results 
from  general  equillbrlua,  whereas  in  the  aodsls  discussed  previously 
sadi  fini's  optiaal  output  level  was  deteralned  in  partial  equilibrium 
(i.e.  for  a particular  flra  with  the  prices,  output  levels,  etc.,  of 
sll  other  firas  held  fixed). 

One  of  the  aaln  results  proved  by  Leland  is  the  Unanimity 
630 

Theorea,  whidt  statas  that  when  firas  function  within  a randoa 

environaent  in  accordance  with  (254)  and  when  current  portfolios  and 

market  values  are  in  financial  equillbrlua  (given  current  production 
o N 

decisions  q • (q  , ...  , q )),  a fira's  stockholders  will  vote 

unanimously  for  (or  against)  saall  changes  in  output.  In  syd>ols, 

3El(U  (R  ,6)1 

for  esch  flra  k , the  sign  of  r is  the  same  for  all 

6q 

stockholders.  One  of  the  consequences  of  the  Unanlalty  Theorea  is 
a characterisation  of  the  production  equillbriua.  Since  the  details 
of  the  proof  are  provided  in  Leland's  paper, they  will  not  be  given 
here.  Rather,  only  the  main  line  of  arguaent  will  be  sketched. 

For  the  riskless  flra: 


aEjCOjOi.e)! 


EiiUi-(Ri,e)  ^ 
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where  R^  is  given  by  (257).  As  q dianges,  so  also  will  V , 

r , and  8^^  . Using  (260),  " C**(q°)  , the 

rata  of  change  of  the  i->th  investor's  expected  utility  with  respect  to 

a dianga  in  q^  can  be  ezprassed  as 


31, 10,  (R,  ,8)1 


- E^(0^’(R^.e)l  V IP®  - MC(q*’)l  . (262) 


vhlch  la  Juat  Cha  faalUar  prlca  aquala  aarglnal  coat  rula  for 
■axialalns  profit  In  perfectly  co^>etltlvc  aerketa  under  certelnty. 
Froa  (264)  the  optlael  output  level,  , for  the  k-th  rlaky  flm 
la  that  which  aetlaflea 


HcJ(qJ)  , 


J“1  » •••  » 


(266) 


where  V-'(q)  haa  been  written  to  eaphaalee  the  dependence  of  V-' 

on  ^ . According  to  equation  (266),  In  order  for  the  J-th  rlaky  flra 

to  be  In  equlllbrlua,  the  flra  auat  chooae  q^  auch  that  marginal 

production  coat,  MC^(q^)  , Juat  equala  the  "total"  average  coat,  which 

rJ (gJ) 

la  the  auB  of  average  production  coata,  — , and  an  la^uted  average 
rV^(a^)  634  ** 

capital  coat,  . What  (266)  aekea  clear  la  that  the  rlaky 

flra'a  output  daclalon  la  dependent  on  financial  factora  (l.e.  Ita 

A J 4 

atock  market  value  V''(q''))  aa  well  aa  on  real  factora  (l.e.  production 
coata).  In  Che  certainty  caae,  ea  Indicated  by  (265),  theae  financial 


factora  are  Inconaequentlal.  Under  certainty,  with  perfect  capital 
aarketa,  the  flra'a  production  declalona  are  aepareble  from  Its 
financial  daclslona,  and  Modigliani's  and  Miller's  Proposition  I 
holda. 

If  firms  set  their  output  levels  according  to  (265)  and  (266), 

one  nay  aak  whethar  the  eqolllbrluB  outputa  ^ • (^°  , ...  , ^^)  will. 

In  genaral,  aaxlaita  each  flra'a  stock  aarket  valua.  The  answer  la 
635 

'no',  and  tha  aathod  of  proof  la  to  show  that.  In  genaral. 


J 


respect  to  q-*  , evaluating  at  , and  simplifying,  leads  to 

636 

the  equation 


1 !• 

-n  t <U,'(R,,e)}  (r^)  ] + —if 

*^1  ^ ^ 3q^  3qJ 


J 


(267) 


+ E {U  "(R  ,e)(v^-r^i)  (8  Z (ir^'-rV*')  !!i- )}]  - o , 

i ^ dqJ  ki«j  3qJ 


( 


where  = Ej^{U^”(Rj^,6)  (fli  - rV^)^}  < 0 . Susmdng  (267)  over  all  M 
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individuals  and  noting  that  Z — ^ > 0 gives 

1"1  3q^ 


iz: 


K j 

E jT  IE,{U  "(R  ,e)(Arvi)(8  i + Z 
1-1  "l  1 1 dqJ 

**  1 

r Z ^ (EJU  '(R  ,6)}] 
1-1  Oi  1 1 1 


(Ar^) 


3s, 

-^)}1 

l3l 


(268) 


in  whidi  the  noosatiability  assumption  and  < 0 ensure  that  the 

denominator  is  always  negative,  but  in  which  the  sign  of  the  numerator 
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is,  in  general,  indetamlnata . Moreover,  the  numerator  of  (268)  is, 
in  general,  nonsero,  whidi  implies  diat  value  maximization  by  firms  does 
not  lead  to  a Pareto  optimal  choice  of  outputs.  If  a firm  were  to 
choose  itb  output  level  so  as  to  maximise  its  market  value,  every  share- 
holder could  be  made  better  off  by  an  appropriate  change  in  output  away 
from  the  value-maxlmislng 

To  summarise  the  discussion  of  Laland's  modal  of  the  firm  in  the 
context  of  stock  market  equilibrium,  the  distinguishing  charactaristlcs 
of  the  model  are  presented  in  table  11-28. 
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Table  II>28  Stonary  of  Leland'a  Stock 
Maxkat  Modal 


Claaa; 


FI  Hi' a Objactlva; 
Conatralnta; 


Varlablea; 


Bodarn  traditional  (ace  (256),  (259)  and  (261) 
in  text) 

■axlBiaa  each  aharaholdar'a  expected  utility 

conatralnt  on  affordable  portfolloa  (aa  eabodled 
in  B(V,ai));  iaplicitly,  factor  aupply  and 
tcdinologlcal  condltlona  (aa  eabodled  in  (q^)) 


Exogenoua  t 
Endogenoua ; 

Deciaion; 

Finance; 

Certainty /Uncertainty! 

E^vdLlibdLjs/ 

PiaaquilibriuB! 

Tiaa; 


pr^abllity  dlatrlbutlon  of  price  for  eadi  fin 
(pJ(6))  xnd  inveatora*  current  portfolloa  (a^) 

equilibrlua  collection  of  portfolloa  (a^)  , 
cquilibrlua  act  of  aarket  valuea  (^  , equillbriia 
output  levela  (qJ)  , and  equilibrlua  expected 
utility  levela  (Ei(u^(R^,6)] ) 

equlllbriuB  portfolio  for  each  Invcator  (fi.) 
and  equilibrlua  output  level  for  each  fin  (q^^) 

external  financint  (equity  only)  ia  panltted, 
althou^  in  the  aodel  dlacuaacd  in  the  text  the 
actual  iaauance  of  aharea  vaa  aiibaiMd  in  the 
collection  of  current  portfolloa  (7^) 

penita  uncertainty  and  utlliaca  the  tiae-atate- 
preference  fraaawork 

characterisation  of  the  equilibrlua  output 
daclalon  by  each  flra  in  the  context  of  atock 
aarkat  equilibrlua 

alngle  period 


Type  of  Modal;  ayatea  of  (M  1)  (M  + 1)  equatlona  In  (N  + 1)  (M 1) 

unknowna  for  the  characterisation  of  financial 
equilibrlua;  uaconatralned  optlalsatlon  problea 
for  eadi  fin  for  the  characterisation  of 
production  aqulUbrlua 

Solution  Technique;  uaconatralned  optlalsacloa  (for  each  fin) 


The  algnlflcancc  of  the  Laland  aodal  llaa  in  ita  integration  of 
the  fin*a  production  daclaloas  Into  a nodal  of  atodc  aarkat  equilibrlua 
and  ita  denonatratlon  that.  In  gonaral,  aaxlalalag  the  atodi  aarket  (or 
total  aarkat)  value  of  tha  fin  doaa  not  nacaaaarlly  lead  to  production 
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Gr- 


; J-yj 


decisions  that  are  optiaal  from  tha  standpoint  of  tha  fin's  sharaholders 

( In  contrast  to  tha  traditional  aodels,  which  siibsuaed  tha  role  of 

finance , Laland's  modal  demonstrates  tha  inextrlcability  of  production 
decisions  snd  tha  stock  market  when  capital  markets  are  incomplete. 

Also,  in  contrsst  to  tha  models  discussed  earlier  in  this  paper  that 
simply  assumed  value  maxlnlzins  behavior  to  be  in  the  shareholders' 
best  interests,  Lelsnd's  modal  shows  that  this  simple  criterion  cannot 
be  relied  on  to  ensure  a Pareto  optimal  choice  of  outputs,  unless  certain 
assumptions  (e.g*  perfect  snd  complete  capital  markets)  are  satisfied. 

L.  CONTBOL  THEORY,  DYNAMIC  OPTIMIZATION,  AND  CORPORATE  GRCWTH 

According  to  the  traditional  theory  of  the  fin,  the  environment 
within  whidi  the  typical  fin  operates  Is  static  and  the  decisions  It 

f must  make  apply  to  only  a single  time  period.  In  the  traditional  models 

discussed  above  In  sections  B through  E,  the  fin  In  the  short  run 
sngagas  in  pyopic  profit  maximisation  by  simultaneously  selecting  and 
instantaneously  adopting  the  cost-minimizing  mix  of  variable  inputs  and 
the  profit-maximizing  mix  of  outputs.  Over  the  long  run  the  fin  Is 
free  to  add  to  Its  capital  stock  and  It  does  so  to  the  extent  that  the 
added  capital  leads  to  Incraasad  productive  efficiency  and  greater  long 
run  total  profit.  As  In  the  short  run,  adjustmsnts  occur  instantaneously. 
Moreover,  short  run  profit  maxlmlsatloo  Is  perfectly  consistent  with 
long  run  profit  maxlmlsatloo,  so  that  intertemporal  profit  trade  offs 
do  not  appear  In  tha  model.  Even  In  the  reformulated  version  of  the 
neoclasslral  model  discussed  above  In  section  P,  In  whldi  the  fin  Is 
assumed  to  maximise  the  stock  market  value  of  Its  outstanding  shares  In 

( 


"i 


381 


th*  ab«*oc*  of  uncortalnty,  th«  f ini's  ••Isction  of  its  optlasl  operating 

policies  is  still  in  essence  a single  period  optiaisation  problea. 

In  many  of  the  recently  developed  aodels,  the  fira  is  persdtted  to 

grow,  and  the  decision-asking  problea  it  faces  involves  setting  its 

operating  policies  so  as  to  place  it  on  the  optiaal  growth  path.  But 

often,  as  in  the  Harris  snd  Bauaol  growth  aodels  of  section  G,  the 

640 

Herendeed  aedel  of  section  I,  and  the  Lintner  aodel  of  section  J, 
the  fira  is  assuaed  to  grow  in  steady  state,  in  which  all  quantities 


(e.g.  the  capital  stock,  total  profit,  total  revenue,  the  stock  aazket 
value  of  the  fira,  etc.)  grow  at  the  saae  rate  and  all  ratios  (e.g. 

64] 

profit  rate,  leverage  ratio,  retention  ratio,  etc.)  reaaln  constant. 

By  aasuaing  steady  state  growth,  econoaists  have  been  able  to  express 

their  aodels  of  the  fira  as  static  optlaizatlon  probleas,  which  can  be 

solved  either  by  applying  the  aethod  of  Lagrange  aultlpllers  or  by 

appealing  to  the  Kidin-Tucker  theorea,  depending  on  the  nature  of  the 
642 

constraints.  In  spite  of  the  advsntages  due  to  this  siapllfication 

snd  Harris's  snd  Lintner 's  defense  of  this  approach  in  teras  of  the 
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fira's  selection  of  optiaal  long  run  operating  targets,  the  steady 
state  approach  haa  been  found  wanting  by  aany  economlats.  To  quote 
krouse:^^* 

[Studies  that  assuas  staady-stata  growth]  consider  only 
Uia  special  equlllbrlua  structure  of  corporate  events  where 
the  econoaic  state  of  tiie  fira  is  identical  in  every  period 
except  by  a constant  scale  factor,  snd  all  its  decisions 
and  exogsnous  variables  (for  sxaapla,  discount  rates)  are 
requlzed  to  be  constant  trough  tins.  Conconitantly,  they 
Unit  the  aodels  to  conparative  dynaadcs,  which  is  not 
useful  for  the  analysis  of  the  fim's  decision  rulss  or 
states  as  axoganous  varldblas  changs  over  tins,  but  only 
appropriate  for  the  coaparison  of  fims  with  different, 
tiaa-constsnt  values  of  thess  variables. 


-i 


which  deals  with  the  firm's  financial  decisions  In  the  presence  of 
capital  market  Imperfections  and  which  employs  the  discrete  version  of 
the  maximum  principle. 

1.  A Dynamic  Version  of  the  Neoclassical  Theory: 

The  Jorgenson  Model 

The  Jorgenson  model  Is  directly  concerned  with  determining  the 
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firm's  optimal  program  of  capital  accumulation.  In  the  model  It  Is 
assumed  that  the  firm  produces  a single  output,  the  amount  of  which  Is 
denoted  by  Q(t)  , using  two  Inputs,  one  a variable  input  (say,  labor), 
the  amotmt  of  whldi  is  denoted  by  L(t)  , and  the  other  a capital  input, 
the  amount  of  which  Is  denoted  by  K(t)  . In  each  case  the  t In 
parentheses  denotes  the  variable's  dependence  on  tlme.^^^  The  firm's 
gross  Investment  Is  denoted  by  I(t)  . The  markets  for  the  firm's 
output,  for  labor,  and  for  durable  Investment  goods  are  assumed  to  be 
perfectly  competitive,  so  that  the  prices  of  output,  labor,  and 
Investment  goods,  denoted  by  p(t)  , w(t)  , and  q(t)  , respectively, 
vary  as  functions  of  time  only.^^^  The  net  cash  flow  at  time  t , 
denoted  by  R(t)  , Is  the  difference  between  total  revenue  and  total 
cash  outlays  for  labor  services  and  for  new  investsient  goods, 

R(t)  - p(t)  . Q(t)  - w(t)  • L(t)  - q(t)  . I(t)  . (269) 

The  objective  of  the  firm  Is  to  maxlmire  Its  present  value,  whldi 
Jorgenson  expresses  as  the  present  value  of  the  future  cash  flow  stream, 
which  In  turn  Is  represented  by  the  Integral 

ee 

V - / R(t)e"'‘  dt  . (270) 

0 
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where  r is  the  rate  of  dlacount,  which,  for  siapllclty,  is  assuaed 


Present  value  is  maxioiized  subject  to  two  constraints,  one  being 


the  standard  neoclassical  production  function 


F(Q(t),  L(t),  K(t)) 


and  the  other  being  the  axpraasion  for  net  investment,  or  the  instan* 


taneous  rate  of  growth  of  the  capital  stock,  as  the  difference  between 


gross  investamnt  and  the  rate  of  depreciation 


where  6 is  some  positive  constant 


F in  (271)  has  a full  set  of  continuous  second  partial  derivatives,  and 


further,  that  the  marginal  rate  of  tedinlcal  substitution  between  inputs 


and  the  marginal  productivity  of  each  input  are  all  always  positive 


In  (272)  the  rate  of  depreciation  at  time  t , 5 


is  proportional 


to  the  capital  stock  at  time  t ; that  is,  it  is  assumed  that  depreciation 


occurs  at  a constant  proportional  rate.  Both  (271)  and  (272)  sniat  hold 


Collecting  (270)-(272),  the  Jorgenson  model  of  the  firm  is 
expressed  as  tha  following  optimal  control  problamt^^^ 


maximixe:  V - / R(t)a  dt 

{Q,L,I}  0 

subject  to:  lC(t)  • l(t)  - 6 • K(t)  , Vt 

K(0)  - 

F(Q(t),  L(t),  IC(t))  - 0 , Vt 
Q(t),  L(t),  IC(t)  > 0 , Vt  , 


«h«r*  K is  ths  Initial  capital  stock.  Problaa  (273)  can  ba  solved 
o 

with  the  aid  of  the  calculus  of  variations.  The  Lagrangian  is 

00 

L,  - / [Re"*^^  + X(t)  . F(Q,L,K)  + y(t)  • (K-I-6  ‘K)!  dt  , (274) 

* 0 

in  which,  for  slnplicity.  ths  dependence  of  R,  Q,  L.  K,  K , and  I 
on  t has  been  suppressed.  For  ease  of  exposition  denote  by  ^;^(t) 
the  expression  in  brackets  in  (274) . Then  the  Euler  necessary  conditions 
for  an  optimal  solution  to  (273)  are,  in  addition  to  the  constraints  in 
(273),  the  followlng;®^^ 
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■ pc”*^^  + X(t)  • Iq  ■ 0 

■ -we  ^ + X(t)  • “ 0 

- -qe"*^  - W(t)  - 0 


X(t)  • U + fi  • w(t)  - ^ y(t)  - 


0 


(275) 

(276) 

(277) 

(278) 


Equations  (27S)-(278)  can  be  used  collectively  to  characterise  the 
multiperiod  equilibrium  position  of  the  Jorgenson-type  firm. 

Coii>lning  (275)  and  (276)  yields  the  familiar  factor  market 
condition  for  profit  maximisationt 


(279) 


According  to  (279),  the  firm  should  hire  additional  amounts  of  ths 
variola  input  up  to  the  point  at  which  ths  marginal  revenue  product  of 

d 


the  ImC  unit  hired  Just  equala  Its  price  (i.e.  the  wets  rate).  The 
difference  between  (279)  snd  the  slallar  condition  (8)  derived  In 
section  B Is  that  (279)  eust  hold  at  every  point  In  ties  over  the 
Indefinite  future,  whereas  (8)  holds  only  for  a single  Instant.  As  In 
the  single  period  case,  (279)  can  be  rewritten  to  yield  the  product 
market  condition  for  profit  aexlalsatlon : 


where  (280)  holds  at  every  point  In  tins.  In  contrast  to  (11)  and  (12) 
In  section  B,  which  hold  only  for  a single  Instant. 

A result  perfectly  analogous  to  (279)  a^  be  obtained  for 
capital  services  If  the  quantity 


1 - q(r+6)  - q , 


(281) 


where  the  dot  denotes  differentiation  with  respect  to  tlan.  Is  Inter- 
preted as  the  unit  price  of  capital  services  (I.e.  the  'cost  of 
capital') Pron  (277)  u(t)  ■ -qe  . Differentiating  with 
respect  to  t gives  •—  y(t)  ■ qre’^^  - qe  ^ . Substituting  for 
U(t)  and  — vi(t)  In  (278)  gives 

X(t)  1^  - 6qe”^*  - rqe”*^^  + q*”^  ■ X(t)  - 1 • e ^ - 0 . 

(282) 

0 

Coifelnlng  (275)  and  (282)  gives 


(283) 
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which  la 


ilogoua  to  (279),  and  whldt,  In  contraat  to  (14)  in  aactlon 


B.  holda  at  awaty  point  In  tlaa.  Furthar,  coablnlng  (279)  and  (283) 
glvaa  tha  dynanle  aqulwalant  of  (16)  In  aactlon  B, 


Sk 

3K 


1/w  . 


(284) 


It  followa  fron  (284)  chat,  at  aach  point  In  tlaa,  tha  aarglnal  rate 
of  cadmlcal  a«d>atltuClon  batwaan  the  Inputa  auac  equal  Che  ratio  of 
the  Input  prlcaa. 

Thua,  In  the  Jorganaon  nodal  the  flcn  naxladzea  Ita  preaent 

valua  by  naxLalzlng  total  profit  at  each  point  in  tine.  Thie 

aapect  of  the  nodel  rapraaenta  a atrength  and  at  the  aane  tine  a 

veakneaa.  On  the  plua  aide,  the  nodel  denonatratea  that  the  neo> 

claaalcal  theory  of  the  fim  doea  not  have  to  be  confined  to  atatic 

condiciona  and  to  aingle  pariod  deeiaion-naking.  On  the  nlnua  aide, 
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Che  nodel  la  barely  dynanic.  That  ia,  tha  fim  never  haa  to  nake 
any  intertanporal  profit  trade  of fa;  all  it  naed  do  ia  to  naxlnite 
total  profit  at  aach  point  in  tine.  Under  the  aaaunptiona  of  certainty 
and  perfact  natkata,  the  tropic  declalon  rulea  that  laad  to  — 
aingla  pariod  total  profit  are  alao  intartaaporally  optinal  for  the 
value  naninialng  fim.  Moreover,  in  addition  to  the  aaauaptlon  of  a 
perfact  narkaC  for  capital  gooda,  it  ia  aaaunad  that  the  quality  of 
tha  capital  gooda  owned  by  tha  fim  and  tha  rata  at  which  they 
depreciate  are  independent  of  tha  age  of  the  gooda  (i.a.  there  ia  no 
technological  obaolaacenca) . Under  thaaa  aaaunptiona  inveatnent  ia 
raveraibla,  and  the  fim  at  any  point  in  tine  ia  able  to  aall  any  or 
all  of  ita  capital  at  the  prevailing  narkat  price.  In  audi  a world. 
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th«  rental  price  of  capital  services  accurately  reflects  the  interest 
rate,  the  rate  of  depreciation,  and  the  rate  of  chante  of  the  price 
of  capital  goods,  and  consequently,  the  present  value  of  the  strean 
of  future  rentals  Just  equals  the  current  price  of  capital  goods,  and 
at  the  aargin  the  fin  is  indifferent  between  renting  and  owning. 

This  is  a rather  special  case,  as  the  disctission  of  the  Arrow  andel  in 
the  next  subsection  will  aake  clear. 

To  suBBariee  this  subsection,  the  main  features  of  the  Jorgenson 
model  are  presented  in  table  11-29. 


Table  11-29  Summary  of  Jorgenson  Model 


Class; 

Firm’s  Oblective; 


Constraints; 


modem  traditional  (see  (273)  in  text) 

maximize  the  stock  market  value  of  the  firm 
(expressed  as  the  present  value  of  the  future 
cash  flow  stream) 

technological  constraint  (e^odled  in  the  pro- 
duction ftmetion)  and  relationship  between  net 
investment,  gross  investment,  and  depreciation 
(K  - I - 6K) 


Variables; 

Exoaenous ; prices  of  output,  labor,  and  investment  goods 

at  each  point  in  time  (p(t),  w(t),  and  q(t), 
respectively) , Initial  capital  stock  (K  ) , 
market  rate  of  discount  (r) , and  rate  of 
depreciation  (6) 


Endogenous: 


Decision; 


Finance; 

Certainty/Oncartaintv; 

Equilibrium/ 

Disequilibrium; 


Type  of  Modal; 


rates  of  flow  of  output  and  labor  services  at 
each  point  in  time  (Q(t)  and  L(t)  respectively), 
gross  invastmsnt  and  capital  stock  at  each 
point  in  tlma  (l(t)  and  K(t),  respectively), 
cash  flow  at  each  point  in  time  (k(t)},  and 
currant  stock  market  value  of  the  firm  (V) 

streams  of  output,  labor  services,  and  gross 
investment  (Q(t),  L(t) , and  I(t),  respectively) 

siAsumsd 

assumes  certainty 


charactarlsation  of  the  multipariod  equilibrium 
position  of  the  firm  (and  in  particular,  the  time 
path  of  its  capital  stodc) 

multiperiod  (continuous  tins) 

dynaadc  optimisation  (optimal  control  problem) 


Solution  Technique;  classical  calculus  of  vsristions 
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( 
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In  the  Jorgenson  aodel  — and  In  the  extreas  case  developed  by  Arrow, 

investaent  is  Irreversible  in  Chet,  once  the  cepitsl  good  has  been 
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purchased,  it  cannot  be  resold.  The  consequences  of  Irreversibility 
are  that,  at  tiass  when  the  fira  ai^t  wish  to  sell  coital  goods  at 
Che  going  price,  it  will  not  be  able  to  do  so,  and  that,  at  tines 
when  current  calculations  indicate  that  additional  investaent  wotad 
be  profitable,  the  fira  nay  refrain  fron  investing  because  it  expects 
chat  changing  business  conditions  in  Che  near  tern  would  have  led  it 
to  disinvest  if  it  hed  been  able  to  do  so.^^^  This  latter  effect  of 
irreversibility,  which  niibt  be  interpreted  as  the  flm's  taking 
into  account  the  business  cycle  (and  in  particular,  an  inpending 
downswing  in  econonic  activity),  introduces  a dynaaic  elensnt  not 
present  in  the  Jorgenson  aodel. 

In  Che  Arrow  aodsl  there  is  one  type  of  capital  good,  Che  stock 

of  which  at  tins  t is  denoted  by  K(t)  . All  other  inputs  are 

variable.  It  is  assuned  Chat,  given  R(t)  , the  variable  inputs  are 

coihlncd  to  produce  the  outputs  in  such  a way  chat  total  operating 

profit,  defined  as  total  revenua  lass  Che  cost  of  variable  inputs 

and  denoted  by  P(K(t),t)  , is  aaxlaised.  The  separate  srguaent  t 

in  P(K(t),t)  reflects  the  fact  that  the  fiBctlonal  relationship 

between  P and  K aay  shift  over  tias  due  to  iaproveasnts  in  Cedi- 

nology,  disngss  in  supply  or  deaand  conditions,  etc.  That  is,  the  separate 

srguaent  c asy  be  Interpreted  as  a surrogate  for  technological  change. 

As  usual,  Che  aarginal  productivity  of  capital  is  assuasd  strictly 

positive,  so  Chat  P^^  ■ > 0 , and  it  is  assuasd  that  chare 

are  dlainishing  retums  Co  capital,  so  that  P_  • 

**  aK 

It  is  further  asstaNd  chat  the  aacket  for  aonay  capital  is  perfect. 
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thou|^  Intarast  ratM  Mgr  dtans*  oMr  tlM  (but  In  • known  way) . Lat 
a(t)  danota  tha  factor  to  ba  appUad  to  raeaipta  at  tlM  t to 
discount  than  back  to  tlM  sar'>  Than  tha  short  tarn  rata  of  intarast 


at  tlM  t , p(t)  • is  raprasantad  by 


p(t)  ■ - a(t)/a(t)  , 


(285) 


tdisra,  as  bafors,  tha  dot  indicatas  diffarantiation  with  raspact  to 
tiM.^^^  Sslacting  capital  goods  to  ba  tha  nuMraira,  tha  pries  of 
capital  goods  is  sat  aqual  to  one,  all  othar  pricas  and  intarast  rates 
are  expressed  in  taiM  of  capital  goods,  and  the  interest  rate  p(t) 
is  the  short  tern  noney  rate  of  interest  lass  the  rate  of  eppreciation 
of  capital  goods  prices. 

Letting  1(c)  danota  the  rata  of  gross  InvasCMnC  at  tlM 


c , Arrow's  nodal  of  the  firn  is  fornulatsd  as  the  following  optiMl 
control  problea: 


Mxinlxe:  V - / a(t)  IP(K(t),t)  - I(t)J  dt 

{I(t)>  0 


siAJsct  to:  K(t)  > l(t)  - 6 * K(t)  , f C 


(286) 


K(0)  - K 


I(t)  > 0 , V t 


where  6 and  arc  positlwa  constants.  The  objsctlws  factional 
in  prdblsn  (286)  rsprasants  tha  prasant  wains  of  tha  future  flow 
of  cash,  where  tha  dlffarsaca  P(K(t),t)  - X(t)  is  the  cash  flow  (in 


vM  r 


tens  of  capital  gooda)  at  tlaa  t . The  first  two  constraints  in 
(286)  are  the  saae  as  in  the  Jorgenson  nodel,  where  5 is  once  again  the 
constant  percentage  rate  of  depreciation.  The  third  constraint  in  (286), 
which  states  that  gross  investnsnt  at  each  point  in  time  aust  be  non- 
negative,  is  the  esbodiinent  of  the  irreversibility  of  capital  invest- 
ment. According  to  (286),  the  objective  of  the  firm  is  to  select  the 
tlise  pattern  of  gross  investment,  l(t)  , that  maximizes  the  present 
value  of  the  cash  flow  stream  subject  to  the  irreversibility  of  invest- 
ment, l(t)  ^ 0 , and  the  restrictions  that  the  tine  pattern  of  the 
capital  stock,  K(t)  , is  detanalned  by  its  initial  value,  , 
and  by  the  firm's  investment  policy. 

As  demonstrated  by  Arrow,  the  nodel  (286)  can  be  reformulated 
as  an  equivalent  model  with  6-0  This  reformulation  has  the 

advantage  of  simplifying  all  s\d)sequent  calculations.  The  reformulated 
model  is: 


( 


maxlnize:  V - / a(t)  [ P(K(t),t)  - I(t)  ] dt 

(Kt)}  0 

subject  to:  K(t)  - I(t)  , V t 


(287) 


K(0)  - 

Kt)  > 0 , V t 

The  solution  to  (287)  can  ba  characterized  with  the  aid  of  Pontryagin's 
maximum  prlncipla.  Tha  necaaaary  conditiona  so  obtained  can  be  uaed 
collectively  to  characterise  the  nMltiperlod  eqtiilibrin  poaition  of 
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the  valu*  aaxlalKint  flni  (and  in  particular,  tha  tiaa  path  of  ita 
capital  stock)  uhan  invaataant  ia  irravaraibla. 

Introducing  tha  coatata  variabla  p(t)  and  foraing  the 
Haailtonian  function  given 


H(K,I,p,t)  - a(t)  lP(K(t),t)  - I(t)]  + p(t)  • I(t)  . 


(288) 


The  coatata  variable  p(t)  ia  intarpretad  aa  the  ahadow  price  of 
capital  at  tiaa  t , and  the  Haailtonian  function  H aay  be  inter- 
preted as  the  discounted  value  of  investaent  at  tiaa  t , which  is 
expressed  as  the  sua  of  the  initial  inpact  on  current  cash  flow 

a(t)  [P(K(t),t)  -I(t)]  plus  the  sua  of  discounted  future  benefits, 
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p(t)  * lit)  (i.e.  the  value  of  a gift  of  I(t)  at  tine  t) . 

According  to  the  maximum  principle,  I(t)  is  chosen  so  as  to  naxiaize 
(288)  subject  to  I(t)  ^ 0 , and  p(t)  evolves  throu^  tlae  according 
to  the  differential  equation 


p(t)  - - 


(289) 


First,  aaxlaizing  (288),  dafina 


q(t)  - p(t)  - o(t) 


(290) 


and  rnwrlta  H as 


M(K,I,p,t)  - o(t)  • P(K(t),t)  + q(t)  • I(t)  , 


(291) 
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froa  whldi  the  Mxlalcatlon  of  H •ti)j«ct  to  1^0  bocoaaa  trivial 
If  q(t)  <0  ( y t , than  at  optlaallty  I(t)  = 0 , y t . Tha  raaaon 
for  this  is  that  q(t)  , according  to  (290),  axpraaaaa  the  difference 


( 


between  the  shadow  price,  or  value  in  teras  of  future  cash  flow,  of 
capital  goods  discounted  back  to  tiae  zero  and  the  aatket  price  of 
capital  goods  (trhidi  was  taken  to  be  one  in  current  year  dollars) 
discounted  back  to  tiae  zero.  Thus,  q(t)  < 0<^p(t)  < a(t)  , which 
iaplies  that  the  present  value  of  cost  exceeds  the  present  value  of 
future  benefits,  and  no  new  investment  is  undertaken. 

If  q(t)  ■ 0 , then  I(t)  in  (291)  can  be  any  nonnegative 
quantity;  froa  (290),  p(t)  ••  a(t)  , and  at  the  aargln  the  firm  is 
Indifferent  between  investing  and  not  investing.  However,  I(t)  is 
not  indeterainata,  but  rather,  is  deteralned  by  additional  considera- 
tions discussed  belcw.  Froa  (291),  it  would  appear  that  q(t)  could 
also  be  positive.  If  q(t)  were  positive,  there  would  be  no  optlmua 
for  I(t)  . From  (290),  p(t)  > a(t)  , so  that  the  shadow  price  of 
capital  goods  would  exceed  their  cost,  and  it  would  pay  the  fim  to 
Invest  an  infinite  aaount  at  tiae  t . But  since  the  costate  variable 
is  assumed  to  be  continuotis,  and  since  a is  also,  so  is  q(t)  , 
which  iaplies  that  q(t)  is  positive  over  an  interval.  Therefore, 
infinite  investasnt  over  an  interval  is  called  for,  which  is  nonoptiaal 

since  any  policy  that  led  to  this  result  could  be  inproved  upon  by  a 
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policy  that  increased  Investasnt  earlier, 
aent  policy  aust  be  such  that 


Thus,  the  optiaal  invest- 


q(t)  < 0 : if  q(t)  < 0 , than  I(t)  ■ 0 . 


(292) 
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Condition  (292)  night  b*  thou^t  of  an  the  'short  run'  optinun  condition, 
for,  according  to  (292) , the  appropriate  course  of  action  for  the  flm 
la  dependent  on  the  conparlson  between  p(t)  and  a(t)  at  tine  t . 

Second,  working  with  (289),  taking  the  partial  derivative  of 
(291)  with  respect  to  K enables  (289)  to  be  slnpllfled  to 


p(t)  - -a(t)  • , (293) 

which  can  be  rewritten  as  a(t) ’P^  + p(t)  ■ 0 . Equation  (293)  states 
that  the  discounted  current  returns  froa  a unit  Increase  In  the  capital 
stock,  a(t) 'Pj^  , plus  the  rate  of  change  of  the  discounted  shadow 
price  of  capital  should  be  zero.^^^  Since  (292)  Is  specified  In  terns 
of  q(t)  , It  will  prova  convenient  to  express  (293)  and  Its  solution 
In  terns  of  q(t)  . From  (290)  and  (293),  q(t)  • p(t)  -c»(t)  • 
a(t)  ( “ a(t)/a(t)  ] , whldi  fron  the  definition  of  p In  (285) 
becoaes 


4(t)  - a(t)  lp(t)  - Pjj(K(t),t)]  . (294) 


The  first-order  differential  equation  (294)  la  solved  easily  by 
Integration.  Between  tines  t * t^  and  t > t^^  , 


q(tj)  -q(t^) 


/ a(t)  (p(t) -P_(K(t),t)]  dt 

t 

o 


a(t)*r(K,t)  dt  , 


(295) 


) 
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%fhcre  r(K,t)  = p(t)  - P^(K(t),t)  . The  solution  to  problem  (287) 
consists  of  the  three  functions  of  time  l(t)  , K(t)  , and  q(t) 
jointly  satisfying  (292),  (294),  and  the  three  constraints  In  (287).^^^ 
Necessary  condition  (292)  Implies  that  In  the  optimal  solution 
to  (287)  are  alternating  periods  of  positive  Investment  and  zero  Invest- 
ment. That  Is,  the  optimal  time  paths  of  q(t)  and  I(t)  are  such 
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that  /rea  Intervals,  which  are  characterized  by  q(t)  - 0 and 
I(t)  > 0 (l.e.  by  positive  gross  Investment),  alternate  with  blocked 

Intervals,  which  are  characterized  by  q(t)  < 0 and  I(t)  ••  0 (l.e.  by 

zero  gross  Investment) . 

Zn  a free  Interval  q(t)  * 0 , and  hence  q(t)  - 0 , throughout 
the  Interval,  so  that  by  (294), 


' ( 
i 


-I 

i 


( 


Pj^(K(t),t)  - p(t) 


(296) 


Note  that  equation  (296)  Is  really  just  the  myopic  Investment  decision 
rule  represented  by  equation  (284).^^^  Following  Arrow, define  the 
capital  stock  established  by  the  myopic  policy,  K*(t)  , by  the 
equation  P|.(K*(t),t)  ■ p(t)  . Under  the  assumption  of  diminishing 
returns,  equation  (296)  has  a unique  solution,  so  that  K(t)  ■■  K*(t) 
on  the  free  Interval.  Thus,  on  a free  Interval  the  firm  ahould  expand 
capacity  In  accordance  with  the  sqroplc  policy  eiri>odled  In  (296) . During 
periods  ot  capacity  expansion  the  Arrow-type  firm  follows  the  same 
Investment  decision  rule  as  the  Jorgenson- type  flrm.^^^ 

During  a blocked  Interval  the  explanation  of  the  firm's  Invest- 
ment behsvlor  Is  somewhat  more  complicated.  Consider  any  blocked 
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purchasing  a capital  good  and  sailing  it  at  the  end  of  the  period  Is 

perfectly  equivalent  to  renting  It  for  the  entire  period  at  the  aarket 
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rate  of  Interest  p(t)  , and  further,  that  buying  a capital  good 

and  holding  It  until  a point  In  tine  at  which  the  firm  would  wish  to 

purchase  a capital  good  Is  also  equivalent  to  renting.  Then,  according 

to  (297),  at  the  margin  the  firm  Is  Indifferent  between  renting  and 

not  renting  for  the  entire  period  (since  the  discounted  value  of  the 

'profit*  stream  Is  zero).  According  to  (298),  the  firm  would  find  It 

profitable  to  rent  a capital  good  from  time  t^  until  some  time 

t < t^  : but,  since  the  firm  has  to  buy  Instead  of  rent,  and  since  it 

can  never  sell  the  good  (by  the  irreversibility  assuiq>tlon)  nor  does 

It  wish  to  hold  It  at  time  t^  , It  eschews  Investment.  According  to 

(299) , the  firm  would  not  wish  to  rent  during  any  period  beginning  at 

time  t > t and  ending  at  time  t.  , and  therefore,  neither  does  It 
o ^ 

wish  to  purchase  any  capital  goods  during  the  blocked  Interval. 

Figure  11-26  compares  the  Investment  b^avlor  of  an  Arrow-type 
firm  with  that  of  a Jorgenson- type  firm  under  the  assumption  that, 
except  for  the  Irreversibility  of  Investment  In  the  case  of  the 
Arrow-type  firm,  the  two  firms  and  the  market  environments  within  which 
each  operates  are  identical.  It  Is  also  assumed  for  simplicity  that 
the  Initial  capital  stock  for  eadt  Is  zero  and  that  for  the  Arrow-type 
firm  t ■ 0 marks  the  beginning  of  a free  interval.  In  Figure  11-26 
K(t)  Is  the  time  path  of  the  Arrow-type  firm's  capital  stodi  and 
K*(t)  is  the  time  path  of  the  Jorgenson- type  firm's  capital  stock. 

Over  the  free  intervals  (a  , c , and  a)  K(t)  " K*(t)  and  the  time 
paths  are  Identical.  Over  the  blocked  intervals  (b  and  d)  K(t) 
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Figure  II>26:  The  Time  Pec tern  of  the  Capital  Stock 
In  the  Jorgenson  and  Arrow  Models 


remains  constant,  whereas  K*(c)  fluctuates.  Because  Che  Jorgenson- 
type  firm  is  able  to  dlslnvest  by  selling  off  capital  it  does  not  need, 
it  Is  able  to  continue  investing  beyond  the  point  in  time  at  which  the 
Arrow-type  firm  must  cease  investing.  Due  to  the  existence  of  perfect 
flurkets  for  capital  goods  in  the  Jorgenson  model,  the  Jorgenson-type 
firm  can  sell  off  as  mudi  capital  as  It  wants  at  tiia  established  market 
price  of  capital,  so  Chat  during  slack  periods  the  Jorgenson- type 
firm  can  operate  with  K*(t)  < K(c)  . 

The  IrreversibiUcy  of  investment,  then,  prevents  the  Arrow- 
type  firm  from  investing  at  the  beginning  of  a blocked  interval  and 
then  selling  capital  goods  sometime  before  the  interval  ends  — an 
option  that  is  avelUble  Co  the  Jorgenson- type  firm.  In  contrast  to 
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th«  ^/oplc  Jors«nson-Cyp«  fin,  which  Is  ibis  to  InvssC  rl^t  up  to 
the  end  of  s boom  period  and  to  dlslnvest  quickly  In  the  event  of  a 
downswing  In  economic  activity,  the  Arrow-type  fin  must  plan  ahead, 
possibly  reducing  gross  Investment  to  zero  before  the  end  of  a boom 
period  If  It  believes  the  end  of  the  boom  period  Is  Imminent. 

To  summarize  the  discussion  of  the  Arrow  model,  the  main 
features  of  the  model  are  presented  In  table  11-30. 


Table  11-30  Summary  of  Arrow  Model 


Class; 

Pln*s  Objective; 


Constraints; 


Variables; 
Exognenous ; 


Endogenous ; 


Decision; 

Flnsncet 

Certalntv/Oncertelnty; 

EquI  librium/ 
Disequilibrium; 


Tims; 

Type  of  M'>del; 
Solution  Technique; 


modern  traditional  (see  (287)  In  text) 

maximize  the  stock  market  value  of  the  fin 
(expressed  as  the  present  value  of  the  future 
cash  flow  stream) 

relationship ^between  net  Investment  and  gross 
Investamnt  (R  ■ I , or  In  the  original  formulation 
(286),  K - I-£*K)  and  nonnegativity  of  gross 
Investamnt  (1^0);  Implicitly,  product  demand, 
factor  sttpply,  end  te^nologlcal  conditions  (as 
eohodled  In  P(K(t),t)) 


present  value  factor  at  each  time  t (a(t)) 
and  Initial  capital  stock  (Kq)  (and  In  the  Initial 
formulation  (286)  the  rate  of  depreciation  (6)) 

gross  investmant  and  capital  stock  at  each  time 
t (I(t)  and  K(t)  , respectively) , total 
operating  profit  at  each  tlom  t (p) , and 
current  stock  market  value  of  the  firm  (V) 

groes  Investment  stream  (I(t)) 

subsumed 

assumes  certainty 

diaracterlzatlon  of  the  multiperiod  equilibrium 
position  of  the  firm  (end  In  particular,  the 
time  path  of  Its  capital  stock)  when  Investment 
Is  Irreversible 

multiperiod  (continuous  time) 

dynamic  optimization  (optimal  control  problem) 

maximum  principle  (continuous  version) 
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3.  Profit  ItaxlBlsation  Votsus  Othor  Objoctlvoo: 

Toward  a Dynaaic  Raconclllatlon 

The  prevloua  two  aubsactlona  ware  prlaarlly  concerned  with 
capital  theory,  with  the  Jorgenaon  aodel  describing  tiie  tine  pattern 
of  the  capital  stock  ifhen  investaent  is  reversible  and  the  Arrow  aodel 
exaalnlng  what  happens  %dien  invastaent  is  Irreversible.  This  std>sectlon 
explores  a second  application  of  optlaal  control  theory  to  the  theory 
of  the  fira,  naacly,  dynaaic  aodels  that  suggest  that  profit  aaxlalsatlon 
nay  not  be  as  unworkable  an  aasuaption  as  the  managerialists  seea  to 

u , j 680 

have  laplied. 

Two  aodels  are  described  in  this  subsection.  The  first,  due 
to  Wong,  represents  a life  cycle  view  of  the  firm.  During  the  flra's 
early  years  it  aaziaizes  its  rate  of  growth  until  it  readies  the  most 
efficient  size,  from  this  point  in  tlae  onward  the  mature  fira  maxl- 
alzes  total  profit  and  invests  Just  enough  to  keep  its  capital  stock 
at  its  most  efficient  level.  The  second  aodel,  due  to  Leland,  deaon- 
stratas  that  profit  aaxlmizatlon  a^  be  perfectly  consistent  %d.th  a 
wide  range  of  alternative  goals  because  in  a dynaaic  setting  profits 
play  a crucial  role  in  furthering  the  growth  of  the  fira,  which  in 
turn  enhances  the  achievenant  of  other  long  tern  goals.  A third 
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possible  reconciliation,  whidi  has  been  suggested  by  O.E.  Williaason, 
is  that  the  flra's  behavior  mmy  alternate  between  profit  naxinlzation 
and  utility  aaxiaisation  as  dianglng  conditions  in  the  firn's  environnent 
alternately  tighten  and  loosen,  respectively,  the  profit  constraint. 

a.  The  Wong  Model 

The  objective  of  the  fira  is  to  aaxinize  the  stock  narket 
valua  of  the  flra’s  equity,  which  is  expressed  as  the  present  value 
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of  Che  future  dividend  sCrcea.  In  equation  form  the  atodc  aacket 
value  of  the  flra'a  equity,  V , la  given  by 

«0 

V - / D(t)  e"'^  dt  , (300) 

0 

trhere  D(t)  la  the  rate  at  which  dlvldenda  are  paid  at  tiae  t and 
r la  the  dlacount  rate,  which  for  alapUclty  la  aaauacd  conatant. 

Dlvldenda  are  paid  to  shareholders  out  of  net  receipts, 
which  are  defined  to  be  total  revenue  less  the  cost  of  all  variable 
inputs.  For  slaq>llclty  assuae  that  product  and  factor  aarkets  are 
perfectly  coapetltlve  and  that  Che  flra  produces  a single  output  and 
uses  a single  variable  input.  Denote  the  output  price  by  p(t)  and 
the  cost  of  the  variable  input  (i.e.  the  'wage  rate*)  by  w(t)  . Net 
receipts  not  paid  out  as  dividends  are  used  for  grosa  Inveataenc  in 
capital,  which  la  assuaed  to  depreciate  at  a constant  percentage  rate  6 
Total  gross  Investment,  I(t)  , la  given  by 

Kt)  - p(t)  • f(K(t),L(t))  - w(t)  • L(t)  - D(t)  , (301) 

%ihere  f(K(t),L(t))  ■ Q(t)  la  Che  neoclassical  production  function 
and  K(t)  and  L(t)  are  the  amounts  of  capital  and  of  the  variable 
input,  respectively,  used  in  production.  Net  investment,  , 

la  equal  to  groaa  Investment  leae  depreciation, 

- Kt)  - 6 • K(t)  . (302) 
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Using  \301)  to  sti>stltuts  for  I(t)  in  (302)  sad  than 
conbinlng  (300)  and  (302)  Issds  to  ths  following  fonulstlon  of  ths 
Wong  sedsl  as  an  optlaal  control  problaa: 

0» 

wudalza:  V - / D(t)  s"'*  dt 

{D.L}  0 

(303) 

stAject  to;  K(t)  - p(t) ‘f  (K(t)  ,L(t))  - w(t)  •L(t)  - D(t)  - 6 •K(t)  , Vt 
K(0)  - 

0 < D(t)  < p(t)-f(K(t),L(t)) -w(t).L(t)  , Vt 
L(t)  > 0 , K(t)  > 0 , V t 

s 

whars  K once  again  denotes  K differentiated  with  respect  to  tine 
and  where  the  last  three  constraints  require  that  the  tine  path  of  the 
capital  stock  begin  at  the  Initial  level  . that  the  anount  of 
dividends  distributed  and  the  amount  of  labor  used  at  each  point  In 
tine  be  nonnegatlva,  and  that  the  anount  of  dividends  distributed  never 
exceeds  net  receipts.  Note  that  all  Invastnent  Is  flnancad  Internally 
In  problen  (303).^^^  Note  also  that  problen  (303)  Is  a nodlfled  version 
of  the  Jorgenson  nodel  (273);  the  additional  constraint  (301)  In 
problen  (303)  leads  to  a reduction  fron  three  to  two  In  the  nunber 
of  the  fim's  decision  variables  and  also  causes  Invostnsnt  to  be 
Irreverslbla  (as  In  the  Arrow  nodal). 


) 


Th«  optlaal  solution  to  problea  (303)  can  ba  character! sad 


vith  the  aid  of  the  ■axlnua  principle.  The  Haad.ltonlan  la 


H(K(t),L(t),D(t),q(t).t)  - D(t)-e  “ + q(t).e  "t  p(t)-f(K(t),L(t)) 


where  the  costate  variable  has  been  written  as  q(t)e 


variable  for  probleai  (303)  can  be  Interpreted  as  the  shadow  price  of 


capital,  with  q(t)  rapresantlng  tha  shadow  price  of  a unit  of  capital 
avaluatad  at  tine  t In  terns  of  future  dividends  and  q(t)e 


representing  the  shadow  prlca  of  a unit  of  capital  added  at  tine  t 


In  terns  of  the  value  of  future  dividends  discounted  back  to  tlna  zero 


The  following  necessary  conditions  arc  used  to  characterize  the  fim’s 


optlnal  dividend  and  hiring  policies 


H(K*(t)  ,L*(t)  ,I>*(t)  ,q(t)  ,t)  > H(K*(t)  ,L(t)  ,D(t)  ,q(t)  ,t) 


0 < D(t)  < p(t)-f(K(t),L(t))  - w(t)-L(t) 


K(t)  - p(t)-f(K(t),L(t))  -w(t)*L(t)  - D(t)  - «-K(t) 


vh*rc  K*(t)  , L*(t),  and  D*(t)  In  (305)  ara  tha  optiaal  capital 

stock,  tha  optlnal  hiring  policy,  and  tha  optiaal  dividend  policy, 

reapactlvaly.  Equation  (306)  is  Just  the  first  constraint  in  (303). 

The  boundary  condition  for  this  differential  equation  is  K(0)  - K . 

o 

Condition  (305)  signiflea  the  aaxiniEation  of  the  Haailton- 
ian  with  respect  to  L and  D . Setting  L(t)  * L*(t)  in  (305) 
and  siaplifylng  yields 


D*(t)  (1  - q(t)l  > D(t)(l-q(t)]  . 

Froa  (309)  it  follows  that^®^ 


(309) 


D*(t)  - 0 , if 

D*(t)  - p(t)-f(K*(t),L*(t))  - w(t)-L*(t)  , if 

D*(t)  e l0.p(t).f(K*(t),L*(t))  -w(t)-L*(t)]  , if 

Setting  D(t)  ■ D*(t)  in  (305)  and  slapllfying  yields^^ 


q - 1 


P 


w . 


(311) 


%fhich  is  the  classical  criterion  for  the  optlnal  hiring  of  labor, 
naaely,  that  labor  should  ba  hired  up  to  tiie  point  at  which  the  narginal 
revenue  product  of  the  last  unit  hired  Just  equals  the  wage  rate. 
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Uilnt  (310)  to  otAstltut*  for  D(t)  , (306)  bccosM 


p(t)*f(K(t),L(t))  - w(t).L(t)  - 6-K(t) 


p(t) .f(K(t),L(t))  - w(t).L(t)  - D(t)  - 6-K(t),  If  q - 1 


Not*  that  alnca  q(t)  aeasuras  the  value  of  an  additional  unit  of 


capital  In  teraa  of  future  dividends,  q > 1 implies  that  the  benefits 


to  be  derived  from  an  additional  unit  of  investment  exceed  the  cash 


outlay.  Therefore,  the  entire  emount  of  net  receipts  should  be  invested 


and  no  dividends  should  be  paid  in  the  current  period.  The  opposite 


happens  when  q < 1 . In  that  caae  the  cash  outlay  for  investment 


exceeds  the  benefits  in  terms  of  future  dividends  that  are  derivable 


and  so,  gross  investment  should  be  zero  and  the  firm  should  pay  out  the 


entire  emount  of  net  receipts  as  dividends.  The  third  possibility 


is  of  considerable  interest  and  is  discussed  further  below 


Turning  next  to  equation  (307),  evaluating 


and  solving  for  q(t)  yields  the  following  expression 


Conditions  (311),  (312),  and  (313),  together  with  (308),  are  the 


necessary  conditions  for  the  time  paths  K*(t) 


to  be  optimal 


Moreover,  these  conditions  are  also  sufficient  if 


the  produccion  function  f(K,L)  is  concave 


To  aid  In  the  datnninntion  of  thn  optinnl  tlaa  paths  of 
capital,  labor,  and  divldands,  a phasa  diagram  showing  the  optlaal 
dynamic  paths  of  q and  K has  baan  conatructad  from  (312)  and  (313) 
In  flgura  11-27.^** 


Flgura  11-27:  Optimal  Dynamic  Paths  of  q and 


It  Is  claar  from  flgura  IZ-27  that  tha  optimal  path  of  K and  q Is 
tha  ona  convarglng  to  Along  this  optimal  path  tha  firm's 

dlvldand  policy  takas  tha  following  form,  dapandlng  on  tha  Initial 
capital  stock  K 

o 


D*(t) 


p(t)-f(IC*(t),L*(t)) -w(t).L*(t)  , 
p(t)*f(K*(t),L*(t))  -w(t)-L*(t)  -6.K*(t)  , 


If 

K 

o 

If 

K 

0 

> i;"" 

If 

K 

.jOPt 

(314) 
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Th«  capital  atock  la  eallad  tha  long  run  dasired  atodc  of  capital. 

It  la  tha  fin's  aqulUbrlua  stock  of  capital.  According  to  (314), 

If  , tha  firm  should  not  pi^  any  dlvldands,  but  rather, 

should  usa  all  nat  raealpts  for  Investmant  purposes,  and  thereby  grow  — 
l.e.  Increase  the  capital  stock  — at  the  maximum  rate  consistent  with 
exclusive  reliance  on  tha  Internal  financing  of  Investment.  If 

K > , the  fin  should  pay  out  all  net  receipts  as  dividends  and 

c 

not  engage  in  any  replacement  Invastsient.  Thus,  whan  , 

the  fin's  optimal  dividend  and  Investment  policies  are  those  that 
take  Its  capital  stock  toward  the  long  run  desired  stock  of  capital 
as  rapidly  as  possible,  l.e.  along  the  heavy  lines  in  figure 
11-27.  When  , the  fin's  capital  stock  Is  already  at  the 

long  run  desired  level,  l.e.  the  fin  has  attained  Its  equilibrium 
capital  stock,  so  that  it  should  Invest  sufficient  funds  to  maintain 
Its  equilibrium  capital  stock  K(t)  ■>  and  pay  out  the  remainder 

of  net  receipts  as  dividends.  The  policy  Implications  of  (314)  are 


Illustrated  In  figure  11-28 


dlsinvest  through  depreciation 


maintain  long  run  desired 


capital  stock:  sero  net 

Investment 


invest  all  net  receipts 


Figure  11-28:  The  Time  Path  of  K*(t) 


Of  particular  Intaraat  is  tha  path  of  the  capital  stock 

when  — i.e.  the  Icwer  branch  in  figure  II” 28.  The  optiaal 

path  consists  of  the  following  two  phases: 

(i)  The  flra  P*ys  no  dividends,  and  all  net  receipts  are  used 

to  purchase  additional  capital.  This  could  be  Interpreted 

as  the  'growth  maxlaization'  phase.  Anyone  observing  the 

behavior  of  the  fim  during  the  'growth  naxlolzation'  phase 

would  find  considerable  support  for  the  managerial  modals 

of  the  firm  and  would  be  likely  to  interpret  the  firm's 

objective  as  one  of  growth  maximization,  revenue 

maximization, or  sales  (i.e.  quantity  of  units  sold) 

6Q 1 

maximization. 

(11)  Once  the  equilibrium  stock  of  capital  has  been 

attained,  net  investment  ceases.  The  firm  Invests  just 

enough  to  maintain  K(t)  « and  distributes  the 

remainder  of  net  receipts  as  dividends.  This  phase  could 

be  Interpreted  as  the  'profit  maximization'  phase.  Anyone 

observing  the  behavior  of  the  firm  during  !lie  profit 

maximization  phase  would  find  considerable  support  for  the 

traditional  model  of  the  firm  and  would  be  likely  to 

interpret  the  firm's  objective  as  one  of  profit  maximization, 

dividend  maximization,  or  share  value  maximization. 

It  should  be  noted  that  the  optimal  path  just  described  has  the  turnpike 

properties  frequently  discussed  in  the  optimal  growth  theory  literature. 

Indeed,  the  profit  maximization  phase  of  the  optimal  path  might  be 

called  Che  'dividend'  turnpike  and  during  this  phase  the  firm  mi^t  be 
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said  to  be  operating  at  its  'golden  stage'  of  production. 
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i 


( 


During  the  golden  etegc  of  production  q(t)  • 0 , %fhlch 
InpUes,  by  (313),  that 


P 


3f(K.L) 

dK 


6 + r 


(315) 


Cob'uitlon  (315)  Is  Just  condition  (283)  arising  out  of  the  Jorgenson 
69  7 

model.  Both  (283)  and  (315)  imply  that  the  firm  should  expand  its 
capital  stock  (or,  if  , contract  its  capital  stock)  until 

the  marginsl  revenue  product  of  the  last  unit  'hired*  Just  equals  the 
cost  of  capital,  5 -f  r . This  is,  of  course,  the  optimality  condition 
for  long  run  profit  maximization  for  the  single  period  case  discussed 
in  section  B of  this  chapter. 

The  value  of  the  Wong  model  lies  in  its  suggested  recon- 
ciliation of  the  managerial  theories  with  the  traditional  theory.  The 
model  suggests  that  at  any  point  in  time  there  will  be  a mixture  of 
'managerial'  firms  — l.e.  those  that  are  expanding  as  rapidly  as 
possible  toward  their  respective  long  run  desired  stocks  of  capital  — 

and  'traditional'  firms  — l.a.  those  that  have  reached  their  respective 
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long  run  desired  stocks  of  capital. 

The  Wong  model,  viewed  as  a modification  of  the  Jorgenson 

model  discussed  above,  is  also  of  Interest  because  of  its  more  reasonable 

treatment  of  capital  accumulation.  In  the  Jorgenson  model  the  firm 

could  adjust  to  instantanaously , whereas  in  the  Wong  model  the 

ability  of  the  firm  to  accumulate  capital  is  restricted  by  its  need  to 
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generate  funds  with  which  to  purchase  capital  goods. 
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The  main  limitation  of  the  Wong  model  Is  Its  assumption 
of  an  optimum  firm  size  — the  long  rtm  desired  stock  of  capital  — that 
remains  constant  over  time.  Under  this  assumption  one  should  find  a 
tendency  for  the  growth  rate  of  the  firm  to  slow  down  as  size  Increases, 
at  least  for  very  large  firms  (unless,  of  course,  this  optimum  size 
Is  so  great  that  very  few  firms  have  begun  to  approach  It  — In  which 
case,  however,  most  firms  should  behave  In  a manner  more  consistent 
with  the  managerial  models  than  with  the  traditional  models)  . Though 
the  relationship  between  growth  and  size  has  been  studied  extensively, 
the  results  of  these  studies  In  toto  have  been  Inconclusive. It 
does  appear,  however,  that  empirical  support  for  the  optimum  size 
hypothesis  and  for  the  hypothesis  that  the  growth  rate  of  the  firm 
diminishes,  at  least  for  firms  In  the  largest  size  classes,  as  size 
Increases  Is  sufficiently  weak  as  to  bring  Into  question  the  validity  of 
any  model  based  on  either  of  tiiese  hypotheses . 

To  summarize  the  discussion  of  the  Wong  model,  the  distin- 
guishing features  of  the  model  are  listed  In  table  11-31. 


b.  The  Leland  Model 


A second  approach  to  reconciling  the  objective  of  profit 

maximization  with  alternative  objectives,  such  as  sales  maximization, 

702 

has  been  suggested  by  Leland.  By  considering  the  dynamic  role  of 
profits,  Leland  has  established  conditions  under  which  the  firm's 
optimal  current  policies  converge  to  profit  maximization  as  the  firm's 
planning  horizon  becomes  Infinite.  Under  the  conditions  set  out  by 


Leland,  current  profit  maximization  Is  necessary  and  sufficient  for 
long  run  optimization  with  reapect  to  alternative  goals. The 


412 


r 
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Table  11-31  Suamary  of  Wong  Model 


Class; 

Flra's  Objective; 


Constraints; 


Variables ; 
Exogenous ; 


Endogenous ; 


I 

' Decision; 


modem  traditional  (see  (303)  In  text) 

maximize  the  stock  market  value  of  the  firm 
(expressed  as  the  present  value  of  the  future 
dividend  stream) 

technological  constraint  (embodied  In  the  produc- 
tion function  (Q(t)  > f (K(t) ,L(t)) ; relationship 
between  net  Inyestment,  gross  Investment,  and 
depreciation  (K  - p*f  (K,L)  - wL  - D - 5 'K)  ; and 
constraint  on  dividend  stream  (0  £ D < p>f(K,L)  -v>L) 


prices  of  output  and  labor  at  each  point  In  time 
(p(t)  and  w(t)  , respectively),  Initial 
capital  stock  (K  ),  market  rate  of  discount 
(r) , and  rata  of° depreciation  (6) 

rates  of  flow  of  output  and  labor  (Q(t)  * f(K(t),L(t)) 

and  L(t),  respectively),  gross  Investment  and 

capital  stock  at  each  point  In  time 

(I(t)  - p(t)  •f(K(t)  ,L(t))-w(t)  •L(t)  - D(t)  and 

K(t) , respectively) , dividends  paid  at  each  point 

In  time  (D(t)),  and  current  stock  market  value 

of  the  firm  (V) 

streams  of  dividends  and  labor  (D(t)  and  L(t), 
respectively) 


Finance; 

Certainty /Uncertainty ; 

Equilibrium/ 

Disequilibrium; 


Time; 

Type  of  Model; 
Solution  Technique; 


Internal  financing  only 
assumes  certainty 


characterization  of  the  firm's  operating  and 
dividend  policies  that  lead  to  the  attainment 
of  the  equilibrium  capital  stock;  at  each 
Instant,  given  Its  capital  stock,  the  firm 
selects  equilibrium  operating  policies,  but 
the  firm  Is  In  multlparlod  equilibrium  If  and 
only  If  K - K®Pt 

multiperiod  (continuous  tlaw) 

dynamic  optlodzatlon  (optimal  control  problem) 

maximum  principle  (continuous  version) 


1 


} Implication  of  this  result  Is  that,  while  firms  may  pursue  objectives 

other  thai  profit  maximization,  the  behavior  they  exhibit  My  not 
/ differ  much  from  profit  maximizing  bahavlor.  Leland  develops  two 
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•ppllcatlona  of  hla  general  result:  e flm  maximizing  utility  of 
sales  and  profits  end  a firm  maximizing  profit  per  vorker.^^^  Since 
under  standard  neoclassical  assumptions  syoplc  behavior  will  be  optimal 
for  the  latter  type  of  flrm,^®^  only  the  utility  maximizing  firm  Is 
discussed  below. 

The  objective  of  the  firm  la  to  maximize  the  present  value 
of  utility  expressed  as  a function  of  profits  and  sales  (e.g.  managerial 
utility) , which  Is  given  by 


/ e"'^  •U{xlK(t),L(t),t]  , S[K(t),L(t).t]}  dt  , 


(316) 


where  the  firm's  planning  period  extends  from  time  t - 0 to  time 
t - T (and  T Is  called  the  planning  horizon);  K(t)  Is  the  firm's 
capital  stock  at  time  t ; L denotes  a vector  of  decision  variables, 
which  Includes  diose  variables,  sudi  as  labor  and  raw  materials,  that 
are  variable  In  the  short  run  and  whose  levels  L(t)  the  firm  Is  able 
to  control  throu^out  the  planning  period;  tr  is  total  profit  and 
S is  total  sales,  each  of  whldi  Is  a function  of  the  capital  atodi, 
the  levels  of  the  decision  variables,  and  time;  and  r , which  Is 
assumed  constant.  Is  the  rate  at  whldi  future  utility  levels  are 
discounted.  For  eadi  period  £ the  choices  for  the  decision 
variables  must  belong  to  A(t)  - [0,r(t)]  , where  L(t)  Is  the 

vector  of  upper  bounds  on  permissible  values  for  the  decision  variables. 
These  upper  bounds  may  be  established  either  by  physical  conatralnts 
or  by  institutional  constraints,  sudi  as  the  need  to  maintain  aome 
minimum  level  of  profitability  or  aoms  minimum  valuation  ratio. 


I 


Nat  InvMtmant,  K(t)  , is  • function  of  current  profits, 

the  current  cepltal  stock,  and  tine,  with  the  inclusion  of  the  tiae 

variable  elloirlns  for  the  possibility  that  the  functional  relationship 

between  net  investment  on  the  one  hand  and  current  profits  and  the 
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current  capital  stock  on  the  other  stay  shift  over  tiae.  At  any 

point  in  tine,  with  the  capital  stock  given,  it  Is  assuned  that  net 

investnent  is  an  increasing  function  of  current  profits.  In  the 
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siapleat  case,  all  investnent  is  financed  internally  and  net 
Investnent  is  directly  proportional  to  current  profits: 

K(t)  - a • ir(K(t),L(t),t)  , n>0  . (317) 


The  firm's  capital  stock  evolves  according  to  (317),  subject  to  the 

initial  condition,  K(0)  > K . 

( O 

If  it  is  assumed  that  the  total  profit  and  total  sales 
functions  are  time  invariant,  then  the  ix)del  of  the  firm  can  be 
formulated  as  the  following  optimal  control  problem: 

T 

naxlnlze:  / e"”  U(ir(K(t)  ,L(t))  ,S(K(t)  ,L(t))  ] dt 

{L(t)eA(t)}  o 

subject  to:  K ■ a • ir(K(t)  ,L(t))  , a > 0 (318) 

K(0)  - 

where 

fl  - iT(K(t),L(t))  - p . f(K(t),L(t)) -w  . L(t)-1  * IC(t)  (319) 

( 


A 


and 


S - S(K(t),L(t))  - p-f(K(t),L(t))  (320) 

ara  total  profit  and  total  aalaa,  raapactlvaly,  and  whera  prlca,  p , 
tha  waga  rata,  w , and  the  coat  of  capital,  1 , are  all  aaauaad  to 
be  conatant  through  tlae.  That  la,  product  and  factor  aarkata  ara 
aaaumed  to  be  perfectly  coapetltlve,  and  alnce  the  profit  and  aalea 
functions  are  tlae  Invariant,  the  net  Inveataent  function  la  also  tlae 
Invariant. Following  Leland,^^^  It  la  further  aaauaed  that  (1)  given 
, there  axlata  an  optlaal  policy  function,  L*^(t)  , which  holda  for 
all  t £T  , where  the  subscript  T danotes  the  function's  dependence 
on  the  planning  horizon;  (11)  given  K(t)  , there  ezlata  a unique 
profit  aaxlalzlng  policy  L^(t)  e A(t)  that  Is  Independent  of  the 
planning  horizon;  and  (111)  utility  aaxlalsatlon  and  profit  asalalza- 
tlon  are  alternative  goals  In  that  If,  given  K(t)  , L^(t)  lies  In 

the  Interior  of  A(t)  , then  L^(t)  does  not  also  naxlmlze  U(ir,S) 
for  L(t)  e A(t)  . 

It  follows  froa  the  aaxlaua  principle  that  the  optlaal 
path  of  the  flra's  operating  policies,  L*^(t)  , aust  satisfy  tiie 
followlag  conditions: 

H(K*(t),L*^(t),X(t),t)  > H(K*(t),L(t),X(t),t)  (321) 

for  all  L(t)  c A(C) 

K(t)  - U - a • it(K(t),L(t))  (322) 
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X(t)  - -If  - -ACt)  .2^} 


-rt  3U 


3ir 


3K 


ar 


X(T)  - 0 , 


whtre  the  Hudltonlan  is 


(323) 

(324) 


H(It(t).L(t),X(t),t)  - • U[iT(K(t),L(t))^(K(t),L(t))l  (325) 

+ X(t)  • ■ • iT(K(t),L(t))  . 


I 

! 

> i 


j 

* 

I 

i 


Let  X*^(t)  denote  the  coetete  verieble  function  that  satisfies  (323) 
and  (324)  when  the  fin  adopts  the  operating  policies  L*^(t)  . 

Rather  than  solve  conditions  (321)-(324)  explicitly  for  the 
optlMl  path  of  current  operating  policies,  L*^(t)  , what  follows 
will  focus  on  the  behavior  of  the  fin  at  an  arbitrary  tlB«  t 
(0  < t < T) . It  «rlll  be  shown  that,  as  the  planning  horizon  becoaes 
Infinite,  l.e.  as  T-t-*-»,  the  fin's  optimal  current  operating 
policies  will  approadi  profit  aaxlaizlng  policies,  l.e.  L*^(t)  ■*  L^(c)  . 

Froa  (321),  L*ip(t)  aaxialzes  the  Haalltonlan  (325). 

Clven  die  expressions  for  total  profit  and  total  salas,  (319)  and  (320) 
respectively,  and  assualng  that  L*^(t)  lies  In  the  Interior  of 
A(t)  , It  follows  that  L*,p(t)  must  satisfy  the  equation: 


* -Sl  - 


0 , 


(326) 


■ -tr 
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where  is  evaluated  at  L*^(e)  . The  profit  Mudslslng  policy 
la  Juat  that  given  by  the  faalllar  optlaallty  condition: 


n 

jf  ■ ® • 


(327) 


where  la  evaluated  at  L^(t)  . For  arbitrary  t , If  L^(t) 

aatlafylng  (327)  la  aii>atltutad  Into  the  left-hand  aide  of  (326) , the 
reaultlng  expreaalon  alapllflea  to  a *'§5’*’'^® 

unleaa  ^ " 0 Thua,  In  general,  L*^(t)  ^ L**(t)  In 

general,  (327)  doea  not  hold  for  L*^(t)  . Thua,  dividing  each  aide 
of  (326)  by  ■(p  • ” *)  •nd  aolvlng  for  A*  (t)  ylelda 


A*^(t)  - 


-rt fdU.  3f  X 3U  , 3fxx 

- X ' '1  * Is  Jt” 


■(p  • It  - •) 


(328) 


The  nuaarator  of  (328)  la  alw^a  finite.  Therefore,  If  A*^(t)  were 
to  becoaw  Infinitely  large  aa  the  planning  horlxon  bacaae  Infinite, 
then  optlaal  currant  operating  pollelaa  would  approach  profit  aaxlaixlng 
pollclaa,  and  vice  vama,or  In  ay^ols,^^^ 


llB  A*  (t)  ♦ -e^p  • rr 
T-t^  ^ L*^(t) 


- w -►  0 


(329) 


«:;»L*^(t)  L''(t)  , 


where  the  aacood  lopllcatlon  followa  froa  the  aaauaad  unlquanaaa  of 


profit  saxlalalng  pollclaa. 


© i 


I 


I 


( 


i 

1 


The  opclMl  value  of  the  coetete  variable  at  tlaa  t , 

• aeasuraa  the  aarginal  value  of  capital  atock  in  terse  of 
utility  et  tlas  t . If  the  aarglaal  value  of  capital  stock  becoaea 
large  as  the  planning  horizon  becones  infinite.  It  irlll  be  In  the 
flrs's  beet  Interaats  to  sacrifice  current  perforsance  (l.a.  to  accept 
a soaMwhat  lower  currant  level  of  utility)  In  order  to  build  up  capital 
stock.  But  since  net  investaent  Is  proportional  to  total  profit,  this 
building  up  of  the  capital  stock  is  accomplished  by  Increasing  profits, 
so  that  In  the  short  tera  the  flra  should  not  continue  to  expand  sales 
at  the  expense  of  total  profit  to  the  extent  It  would  If  the  planning 
horizon  were  shorter,  but  rather,  should  strive  for  greater  total 
profit.  In  the  Halting  case  Indicated  by  (329),  X*^(t)  becoaes 

unboundedly  large  as  the  planning  horizon  becoaes  Infinite,  implying 
that  It  Is  optimal  to  Increase  the  capital  stock  as  rapidly  as  possible, 
and  therafora,  to  maxlalza  total  profit. 

It  rasudns  to  ba  shown  that  11m  X*  (t)  • . From  (323), 

T-t** 

the  optimal  path  of  tha  costata  varlabla,  X*^(t)  , must  satisfy  the 
first  order  linear  dlffarantlal  aquation, 

X*j(t)  - -la  {^p  • jg  - i)  ♦ 

■f  a • X*^(t)  • (p  * 

- a • X*^(t)  B (330) 
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with  boundary  condition  X*^(T)  ■ 0 , whara 
a - - • • (p  - i) 

. -rtr3U  , df  .X  ^ . 3£x 

If  a < 0 , the  solution  to  <330}  ia  glvan  by 

X*T(t)  - I - 1)  . (332) 

and,  if  a « 0 , the  aolution  ia  given  by 

X*^(t)  - - e(T  - t)  . (333) 


(331) 


Pro«  (331),  a < 0 if  and  only  if  p - 1 > 0 

■ > 0 . Alao  from  (331),  a ■ 0 if  and  only  if 
3f 

equivalently,  p * • 1 > 0 . In  either  caae, 

a < 0 , or  equivalently. 


aince,  by  asaumption, 
p If  - 1 - 0 . or 
6 < 0 . Therefore, 


3*  ^ 4 


(334) 


impliea,  by  (332)  and  (333)  and  the  fact  that  6 < 0 , that 


lim  X*  (t)  - 

T-t*«  ^ 


Note,  however,  that  whan  a > 0 , X*^(t)  given 


T-r^  8 716 

by  (332)  ia  again  the  aolution  to  (330),  but  lln  X*  (t)  ~ ~ • 

7-tHO  * 

Thua,  aa  long  aa  the  marginal  revanua  product  of  capital  exceada  the 
coat  of  capital,  i.e.  aa  long  aa  (334)  holda,^^^  tha  narginal  value  of 
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capital  atock  will  becoaa  unboundadly  large  aa  the  planning  horizon 
becoaea  Infinite,  optlaal  current  policy  will  converge  Co  profit 
maximization,  and  in  the  limit,  the  flrm'a  equilibrium  operating 
policy  will  be  that  ifhich  leada  Co  maximum  total  profit. 

In  the  Leland  model,  the  long  run  objectivea  of  the  firm  i 

may  be  auch  that,  in  purauing  theae  objectivea,  the  firm  acta  aa  a 
profit  maximizer  in  order  to  generate  funda  to  permit  it  to  grow  aa 
rapidly  aa  poaaible.  The  b^avlor  of  auch  a firm  may  be  indiatin- 
guiahable  not  only  from  profit  maximizing  behavior,  but  from  growth 
maximizing  behavior  aa  well.  Moreover,  if  the  utility  function  U 
haa  a large  number  of  arguamnta  reflect.  the  wlahea  of  varloua  groupa 
within  the  firm  aa  interpreted  by  top  management,  the  flrm'a  behavior 
may  alao  be  India tlnguiahable  from  behavior  chat  would  be  predicted 
on  the  baala  of  behavioral  modela  — the  firm  may  not  atrlve  to  maximize 
any  alngle  quantity,  but  rather,  atrlvea  Co  aeek  a balance  among  com- 
peting alcemativca  and  Co  maximize  what  ZMy  be  thought  of  aa  'collective 
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utility'.  The  eaaentlal  point  la  chat  aeveral  different  typea  of 
behavior  may  be  virtually  indiatingulahable,  in  theory  aa  well  aa  in 


( 


practice. 

To  aumamrlze  the  dlacuaaion  of  Leland'a  managerial  model 
of  the  firm,  the  dlatingtilahing  featurea  of  tiie  model  are  preaented 
in  table  11-32. 

4.  Optimal  InveatmanC,  Dlvldenda,  and  Growth:  The  Krouae  Nodal 

One  of  Che  main  advantagea  of  modeling  Che  growth  of  the  firm 
ae  an  optimal  control  problem,  aa  damonatratad  by  the  Wong  and  Leland 
modela  of  the  preceding  aubaection,  la  chat  audt  modela  permit 


421 


V V. 


TAle  II-32  S 


iry  of  Le land's  Managarlal  Modal 


Class: 

rina'a  Objectlya: 
Constraints: 


Variables: 
Exoaenoua : 


Endoaenous : 

Decision: 

Paraaeter: 


■anaserial  (see  (318)  in  text) 

•axlalEe  discounted  utility  (expressed  as  a 
function  of  total  profit  and  total  sales) 

total  profit  function  (see  (319)  in  text), 
total  sales  function  (see  (320)  in  text), 
and  net  Investaent  function  (1^  - n“ir(K,L)) 


price  (p) , wage  rate  (w) , cost  of  capital  (1) , 
discount  rate  (r),  and  ratio  of  net  Investment 
to  total  profit  (^  ^ all  of  which  are  assumed 
to  remain  constant  over  tlaw  — and  Initial 
capital  stock  (K  ) 

total  profit,  total  sales,  capital  stock,  and 
labor  employed  at  each  point  in  time  (v(K,L), 
S(K,L),  K , and  L , respectively) 

labor  stream  (L(t)) 

planning  horizon  (T) 


Finance:  internal  financing  only 

Ce rt sin ty /Oncer t ainty : assumes  certainty 
Equilibrium/ 

Disequilibrium:  concerned  with  conditions  under  which  optimal 

current  policy  will  converge  to  profit 
maximization  as  tiie  firm's  long  run  equilibrium 
operating  policy  (l.e.  model  considers  the 
stability  of  this  long  run  equilibrium  operating 
policy) 


Tima: 

Type  of  Model: 
Solution  Technique: 


aniltlperlod  (continuous  time) 

dynamic  optimization  (optimal  control  problem) 

maximum  principle  (continuous  version) 
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non-steady  state  growth.  In  the  Krouae  modal  discussed  below,  the 
firm's  optimal  choice  over  time  of  Investment  and  financing  policies 
la  modeled  aa  an  optimal  control  problem,  and  the  rate  of  growth  of 
dividends  Is  free  to  vary  over  time.  But  unlike  the  continuous- time 
models  discussed  earlier  In  this  section,  Krouae  treats  the  firm  within 
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a dlscrata-tlM  fn 


'oik.  The  application  of  Pontryagln's  naxlmun 


c 


principle  within  tha  dlacrete-tlw  context  la.  however,  analogoua 
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to  Ita  application  within  tha  contlnuoua-tlne  context. 

Aa  In  the  Bodela  dlacxiaaed  earlier  In  this  aectlon,  In  the 
Krouae  aodel  the  envlronaeut  within  %fhlch  the  fin  operates  Is  one  of 
certainty.  But  In  contrast  to  these  models,  the  Krouse  model  gives 
explicit  consideration  to  external  financing  of  Investment.  In  the 
models  dlscxissed  earlier  In  dils  section,  capital  markets  were  (at 
least  Implicitly)  assumed  to  be  perfect.  Since  the  fin's  financial 
pollclaa  are  Irrelevant  under  certainty  when  capital  markets  are 
perfect,  the  restriction  to  Internal  financing  does  not  affect  the 
conclusions  derived  from  these  sx>dels.  In  his  model  Krouse  allows  for 
a specific  fon  of  capital  market  Imperfection,  and  as  a result,  the 
method  the  fin  chooses  to  finance  Its  Investment  Is  no  longer  Irrelevant 
to  the  fin's  shar^olders. 

In  his  ax>del  Krouse  permits  external  equity  financing  and 

Introduces  equity  market  Imperfections  In  the  fon  of  transactions 

costs  on  new  external  equity  Issues.  By  permitting  external  equity 
722 

financing,  Krousa's  treatment  of  the  fin's  Investment  and  financing 

decisions  Is  more  general  than  the  treatment  provided  In  models  such  as 

Harris's  utility  sMxlmlsatlon  ondal  In  which  the  restriction  to 

Internal  financing  renders  the  fin's  Investment  and  dividend  policies 

Inextricable.  By  Introducing  equity  market  Imperfections  In  the  fon 

of  transactions  coats  on  new  external  equity  Issues,  Krouse  la  able 

to  damonstrata  that.  In  ganaral,  the  fin's  choice  of  dividend  policy 
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does  affect  Its  stock  market  value. 
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Mot*  specifically,  the  Krous*  nodel  explores  the  Intertenporal 


dependencies  that  relate  the  flm's  stock  market  value  to  Its  Investment 
and  financing  decisions.  The  objective  of  the  firm  la  to  maximize  the 
wealth  position  of  the  firm's  Initial  (l.e.  as  of  time  zero)  shareholders, 
which  is  expressed  as  the  present  value  of  the  future  stream  of  dividends 
paid  to  the  firm's  initial  shareholders.  The  solution  to  the  model 
consists  of  programs  of  capital  acctimulatlon  and  financing  that  are 
optimal  from  the  standpoint  of  the  firm's  shareholders.  The  model 
and  its  solution  make  clear  that,  while  the  firm's  Investment  and 
financing  opportunitiee  arc  distinct,  the  firm's  Investment  and  finance 
decieiona  Interact  to  determine  earnings  and  dividend  time  sequences 
that  ultimately  determine  the  flrm'r.  stodc  market  valtw. 

First,  define  the  following  variables: 

D(t)  " total  dollar  amount  of  dividends  paid  at  time  t . 

D^(t)  - portion  (In  dollars)  of  dividends  paid  at  time  t 

to  sharAolders  of  record  at  time  T . 
t 

k(t)  - n {l/[l+r(T)l} 

> present  value  of  a dollar  received  at  time  t , 
where  rCx)  is  the  discowt  rate  for  period  T . 

X(t)  > net  earnings  (l.a.  net  Income  less  depreciation)  of 
the  firm  at  time  t . 

I(t)  * dollar  amount  of  equity  funds  raised  'Internally' 
through  ratalned  aamlngs,  when  0 < l(t)  ^ X(t)  , 
or  through  retained  earnings  together  with  a pre- 
emptive rights  offering,  when  I(t)  > X(t)  ; In 
either  case.  Involving  zero  transactions  costs.  It 


i 

! 
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follows  from  this  definition  thst 


external'  equity  decision  variable,  representing 


the  total  dollar  amount  of  equity  funds  raised 


through  the  sale  of  shares  to  the  public,  when 


E(t)  > 0 , and  indicating  the  total  dollar  amount 


paid  out  to  retire  shares,  when  E(t)  < 0 ; In  each 


case.  Inclusive  of  transactions  costs 


the  ratio  at  tlae  t of  the  market  price  of  an 


equity  share  to  Its  external  Issue  price;  6(t)  > 1 


Indicating  shares  Issued  at  a premium,  and 


(S(t)  <1  Indicating  shares  Issued  at  a discount 


stock  market  value  of  the  firm  at  the  beginning  of 


period  t to  shar^olders  of  record  at  that  time. 

Figure  II-29  depicts  the  timing  of  the  firm's  receipt  of 
earnings  and  Its  dividend  and  equity  decisions  for  a representative 
time  period  t . After  the  period's  earnings,  X(t)  , have  been 
realized,  the  dividend  decision,  D(t)  , and  the  Internal  and  external 


respectively,  are  all  made  at 


equity  decisions,  I(t)  and  E(t) 


The  stock  market  value  of  the  firm,  V(t) 


Is  established  at  tlie  beginning  of  the  period.  Thus,  external  equity 


is  raised  ex  dividends  of  that  period 


time 


Figure  11-29 { A lapresentatlve  Time  Period 


Th«  stock  market  value  of  the  firm  at  tine  t ■ 0 , V(0)  > 

or  equivalently,  the  wealth  position  of  the  firm's  Initial  shareholders. 

Is  equal  to  the  present  value  of  the  future  stream  of  dividends  paid 
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to  the  firm's  Initial  shareholders, 

00 

V(0)  - Z D (t)  • k(t)  . (335) 

t-0  ^ 

Since  in  practice  D^(t)  is  not  easy  to  observe.  It  is  more  convenient 
to  reexpress  (335)  in  temm  of  variables  that  are  more  readily  observa- 
ble. By  separating  each  successive  period  from  all  later  periods  and 

employing  the  Identity  D(t)  = X(t)  - l(t)  , (335)  can  be  reexpressed 

728 

as 

00 

V(0)  - z (X(t)  - I(t)  - 6(t)  • E(t)l  k(t)  . (336) 

t"0 

The  objective  of  the  firm  is  to  select  time  sequences  I(t)  and  E(t) 
that  maximize  (336). 

The  ability  of  the  firm  to  pay  dividends  is  limited  ultimately 
by  its  ability  to  generate  earnings.  The  time  path  of  earnings,  X(t)  , 
is  dependent  on  the  firm's  investment  budget  and  mode  of  financing 
at  every  point  in  time.  Specifically,  the  change  in  earnings  from 
period  t to  period  t + 1 is  a function  of  three  factors:  the  firm's 
internal  financing  decision,  I(t)  ; the  firm's  external  financing 
decision.  E(t)  ; and  the  rate  of  earnings  adjustment  attributable 
to  technical  progress,  changes  in  the  structure  of  product  and/or 
factor  markets,  or  to  any  other  changes  in  the  firm's  environment. 
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which  are  all  eai)odled  in  aone  function  A(t)  . The  change  in  earnings 
is  given  by 

AX(t)  = X(t+1)-X(t)  - A(t)  (>[l(t),E(t)J  . (337) 

The  eamings-possibilities  function  ^ expresses  the  change  in 

earnings  owing  not  only  to  the  size  of  the  firm's  capital  budget, 

but  also  to  the  relative  Importance  of  the  two  sources  of  equity 
729 

finance.  The  relationship  between  the  change  in  earnings  and  I(t} 

and  E(t)  embodied  in  0 assumes  that  each  marginal  dollar  of  invest' 

ment  expenditure  Is  allocated  optimally  among  both  existing  and  potential 

new  markets;  and  that  during  each  period  the  firm's  capital  stock  is 
730 

employed  optimally. 

Putting  together  (336)  and  (337),  the  Krouse  model  of  the  firm 

! ( 

is  formulated  as  the  following  optimal  control  problem: 

t 

00 

maximize:  V(0)  • E [X(t)  - l(t)  - 6 (t)  ’ E(t)]  k(t) 

j {l(t),E(t)}  t-0 

subject  to:  AX(t)  ■ A(t)  • ^(t)  (338) 

X(0)  - . 

I where  ^(t)  = ^(I(t),E(t)]  and  where  X^  is  the  given  initial  level  of 

eamlnga.  The  solution  to  problem  (338)  can  be  characterised  with  the 
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aid  of  the  discrete  version  of  the  maximum  principle.  The  Hamiltonian 
for  (338)  is 

H(X(t:,I(t).E(t),A(fH),t)  - [X(t) -1(e) -6(t)-E(t)]k(t)  (339) 

+ A(t  + 1)  {A(t)*^(t)}  , 


%rhcre  A(t  + 1)  1b  the  cosCate  variable  for  period  t . By  the 

principle,  the  optimal  tloe  paths  I*(t)  and  E*(t)  must  satisfy  the  ^ 

following  conditions 


H(X*(t)  ,I*(t)  ,E*(t)  ,A(t  + 1)  ,t)  > H(X*(t)  ,I(t)  ,E(t)  ,A(t  +1)  ,t) 

(340) 

AX(t)  - 

If  - A(t)  • ♦(t) 

(341) 

AA(t)  - 

-i  - 

(342) 

11m  A(t) 

- 0 

(343) 

From  (342)  and  (343)  It  follows  that^^^ 


A(t  + 1)  - k(T)  . 

The  costate  variable  A(t  + 1)  , which  represents  the  shadow  price  of 
an  additional  dollar  of  earnings  measured  In  terms  of  the  present 
value  of  dividends  paid  to  Initial  shareholders  In  period  t 
Is  equal  to  the  sum  of  the  discount  factors,  k(T)  , for  periods 
t + 1 and  beyond.  Since  k(T)  represents  the  present  value  of  a 
dollar  received  at  the  end  of  period  t , A(t'«-1)  given  by  (344)  can 

be  Interpreted  as  the  present  value  of  a perpetual  annuity  beginning 
In  period  t + 1 . With  this  Interpretation  of  A(t  + 1)  , the  Hamiltonian 
(339)  can  be  given  a richer  meaning.  An  Increase  In  the  amount  of 
equity  finance  raised  In  period  t either  by  Internal  means  or  by 
external  means,  l.a.  an  Increase  In  either  I(t)  or  E(t)  , will  have 
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two  opposing  effects  on  the  wealth  position  of  initial  shareholders: 

(i)  a depressing  effect,  measured  by  [X(t)  -‘I(t)  -5(t)  • E(t)]  • k(t)  , 
due  to  the  increased  nusfcer  of  shares,  and  hence,  the  increased  nuober 
of  claimants  on  the  future  pool  of  dividends,  and  (il)  an  elevating 
effect,  measured  by  l(t-fl)  {A(t)  * ^(t)}  , due  to  the  higher  level 
of  earnings  (which,  by  assumption,  is  permanent  unless  the  firm  decides 
to  dlslnvest)  that  makes  possible  an  increase  in  the  size  of  the  dividend 
pool.  Condition  (340),  which  calls  for  the  maximization  of  the  Hamiltonian  in 
each  period  with  respect  to  I(t)  and  E(t)  , requires  that  these  effects 
be  balanced  at  the  margin. 
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For  I*(t)  and  E*(t)  to  maxliclze  H it  is  necessary  that 


f • - ■ 0 


(345) 


II  - - k(t)  • M(t)+  X(t  + 1)  • A(t)  • 11^  - 0 , (346) 


where  M(t)  = 


3E(t) 


is  called  the  'marginal  external  issue 
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market  value . ' By 


defining  Z(t)  ■ A(t)  E the 

T-t+1  ' ' 


necessary  conditions  (345)  and  (346)  can  be  rewritten  as 


. MSI 

3I(t) 


Ut)  . 

3E(t) 


M(t)  , 


(347) 


(348) 


where  (347)  and  (348)  must  hold  for  each  period  t . Conditions  (347) 
and  (348)  diaracterize  tha  firm's  equilibrium  financial  policies.  Note 


that  Z(t)  In  (347)  and  (346)  la  a function  of  the  dlacount  factors, 
k(T)  . for  the  currant  period  and  all  future  tlae  periods.  Thus,  In 
contrast  to  the  equlllbrlun  decision  rules  that  arise  out  of  the 
Jorgenson  aodel  and  slsdlar  a»dels,  the  equlllbrlun  decision  rules 
given  by  (347)  and  (348)  are  not  atopic,  but  rather,  take  Into  account 
future  discount  factors,  which  reflect  the  opportunity  costs  to  the 
firm's  shareholders  of  having  their  funds  tied  up  In  the  firm's 
Investment  projects  In  future  periods. 

According  to  (347),  In  order  for  the  firm  to  be  In  equilibrium, 

It  should  continue  to  raise  additional  equity  funds  throu^  transaction 

costless  Internal  means  up  to  the  point  at  which  the  value  at  time  t 

of  the  resulting  Improvement  In  the  future  earnings  stream,  Z(t)-|$4^  , 

Just  equals  the  stock  market  value  of  the  new  shares  Issued  (l.e.  one 

dollar  at  the  margin).  Similarly,  according  to  (348),  In  order  for  the 

firm  to  be  In  equilibrium.  It  should  continue  to  raise  additional  equity 

funds  through  external  means  up  to  the  point  at  which  the  value  at 

time  t of  the  resulting  Improvement  In  the  future  earnings  stream 

just  equals  the  marginal  external  Issue  market  value,  M(t)  , l.e.  the 
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stock  market  value  of  the  new  shares  Issued.  When  adhered  to,  the 
equilibrium  condltlona  (347)  and  (348)  act  as  safeguards  on  the  wealth 
positions  of  currant  shanrtiolders  by  assuring  that  the  firm  does  not 
raise  so  much  new  equity  — and  In  Oia  process  Issue  so  many  new  shares  — 
tiiat  the  resulting  earnings  Increase  proves  Insufficient  to  justify  the 
current  share  price. 

If,  as  assumed  la  the  traditional  models,  market  discount  rates 
are  constant  over  time  (l.e.  r(t)  ■ r , a positive  constant,  for  all 
t) , the  firm's  production  function  and  operating  environment  are  unchanging 
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(l.«.  A(t)  • 1).  and  aqulCy  urkcts  arc  parfact,  ao  that  tranaactlons 

ara  costlaaa,  all  new  aharaa  ara  iaauad  at  pravalllng  aiarkat  ahare 

pricaa  (i.a.  M(t)  - 1),  and  Krouaa'a  distinction  betwaen  Internal  and 

external  equity  Issues  vanishes,  then  conditions  (347)  and  (348)  reduce 

to  the  classical  Investaent  criterion,  naaely,  the  flra  should  continue 

to  Invest  up  to  the  point  at  which  the  marginal  Internal  rate  of 

return,  3^(t)/dB(t)  , just  equals  the  constant  external  market  discount 

rate,  7 , where  B(t)  = I(t)  + E(t)  Is  the  aggregate  amount  of  Invest- 

ment  funds.  Under  these  same  restrictive  conditions,  the  Klller- 

Modlgllanl  proposition  on  the  Irrelevancy  of  the  firm's  dividend  policy 

also  holds  — the  stock  market  value  of  the  firm  Is  dependent  on  the 

firm's  Investment  plans  (l.e.  Its  operating  decisions)  only,  and  Is 

Independent  of  the  dividend  per  share  It  sets  (l.e.  Its  dividend 

policy). However,  relaxing  these  assumptions  will.  In  general, 

cause  the  firm's  dividend  policy  to  be  of  some  consequence  to  the  stock 
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market  value  of  the  firm's  shares. 

Krouse's  model  Is  noteworthy  because  of  its  general  approach  to 
the  firm's  Investment  and  financing  decisions.  External  financing  is 
permitted,  as  are  equity  market  Imperfections,  which  render  the  firm's 
Investment  and  financing  decisions  Interdependent.  The  solution  to 
the  model  generalises  the  classical  Investment  criterion  and  clearly 
Indicates  the  Impact  of  future  opportunity  costs  on  the  current  Invest- 
ment decliiion  by  the  firm.  Though  Krouse  considers  only  equity  flnan- 
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cing,  rhe  analysis  Is  easily  extended  to  permit  d^t  financing  since 

In  a world  of  certainty  all  methods  of  acquiring  external  finance  — 
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e.g.  aquif:y  shares  and  debt  reduce  to  the  same  thing.  The  further 


r 


extension  to  allow  for  uncertainty  al^t,  as  Krouse  suggests , 
highly  fruitful,  although  noone  has  yet  done  this. 


prove 


To  sunsMrlxe  the  discussion  in  this  subsection,  the  distinguishing 


features  of  the  Krouse  aodel  are  presented  in  table  11-33  in  tens  of 


the  saae  enelyticel  fraaework  used  throughout  this  chapter 


Table  11-33  Suawery  of  Krouae  Model 


aodem  trsdltlonal  (see  (338)  in  text) 

aexlBlee  the  stock  asrket  value  of  the  firm 
(expressed  as  the  present  value  of  the  future 
dividend  streaa) 

diange  in  aemlngs  each  period  (AX(t)  * A(t)*^(t)) 
lapllcltly,  product  deaand,  factor  supply, 
technological,  and  financial  conditions 
(eobodled  in  <^(t)  H (t)[l(t)  ,E(t)]) 


Class 


Constraints 


Variables 


present  value  factor  for  each  period  (k(t)), 

ratio  of  aeiket  price  of  an  equity  share  to 

its  external  issue  price  for  each  period  (6(t)), 

and  initial  level  of  earnings  (X  ) 

o 

current  stock  aarket  value  of  the  firm  (V(0)) 
and  net  earnings,  funds  raised  internally,  funds 
raised  externally,  and  dividends  paid  for  each 
period  (X(t) ,I(t) ,E(t) , andD(t),  respectively) 

internal  funds  streaa  (l(t))  and  external  funds 
streaa  (E(t)) 

external  financing  (equity  only)  peraltted 
assuaas  certainty 


Decision 


Finance 


Certainty /Uncertain 


luilibriua/ 

Disequilibriua! 


characterisation  of  the  equillbrita  financial 
policies  (with  respect  to  intemsl  equity 
issues  versus  external  equity  issues)  of  the 
firm) 

aultlperlod  (discrete  tiae) 

dynaaic  optlaisatlon  (optiaal  control  problea) 

mmni wttm  principle  (discrete  version) 


Type  of  Model t 
Solution  Technique 
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M.  CHAPTER  SUMMARY 


This  chapter  has  praaantad  a aurvay  of  ■athanatical  aodals  of  tha 
firm.  Thirty  Models  (countlnt  principal  varlatlona)  reprasentlns  a 
variety  of  aathematlcal  foraulatlons  vere  detailed,  and  the  econoalc 
impllcatlona  of  each  aodel  were  carefully  assessed.  The  Models  vere 
presented  In  More  or  leas  chronological  order,  vhlch  also  happens  to 
correspond  roughly  to  the  order  of  Increasing  sophistication.  In  order 
to  give  the  reader  a better  feel  for  the  evolution  of  MstheMstlcal 
Modeling  In  the  theory  of  the  fire. 

Over  the  years,  but  particularly  within  the  last  decade,  an  alMost 
bewildering  array  of  Models  of  the  fire  has  appeared  In  the  econoMic 
literature.  This  chapter  has  focused  on  those  models  that  appear  to 
this  writer  to  be  Most  representative  of  the  different  theories  of  the 

( behavior  of  the  fire  and  of  the  vsrlety  of  mathematical  structures 

selected  by  economic  modelers.  In  addition,  the  models  discussed  above 
Include  those  that  have  been  cited  aK>st  frequently  by  other  writers  In 
subsequent  Journal  articles  and  books.  The  traditional  models,  which 
most  writers.  Including  this  one,  heve  taken  as  their  point  of  departure, 
are,  of  course,  the  most  well-known  models  of  the  firm.  They  ere  dis- 
cussed at  length  in  Introductory  texts  as  well  as  In  more  advanced  worka. 
But  the  Baumol,  Marris,  and  O.E.  Hllllasson  models  of  section  C,  the 
behavioral  models  of  section  H,  the  Vickers  model  of  section  I,  the 
Llntner  m^^del  of  section  J,  the  Leland  models  of  section  K,  end  the 
Jorgenson,  Arrow,  and  Krouse  models  of  section  L — virtually  all  the 
'modem'  aiodels  described  In  this  chapter  *-  are  also  very  Important. 

All  have  atlmulsted  further  theoretical  and  empirical  work  and  all 

( 
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arc  generally  rccognlxed  aa  aignlflcant  contribuciona  to  the  theory 
of  the  fin. 

The  chapter'a  dlacuaalon  of  the  nnre  laportant  utheMtlcal  aodela 
of  the  fin  haa  highlighted  each  aodel's  eaaentlal  featurea,  and  In 
particular,  hov  each  aodcl  treated  the  objectives  of  the  fin,  the 
role  of  financial  conalderatlona , uncertainty  (or  lack  of  It),  the 
nature  of  equlllbrlua,  and  tlae.  By  way  of  sunaary,  tablea  11-34  and 
II-3S  briefly  characterize  the  dlatlngulahlng  featurea  of  each  of  the 
■odela  Included  In  thla  chapter.  Table  11-34  claaslfles  the  nodels 
according  to  the  econonic  content  of  each,  while  table  11-35  charac- 
terlzea  thea  on  the  baala  of  the  Mtheutlcal  fon  of  each. 

Table  11-34  claaalflea  the  Bodela  dlacuaaed  In  thla  chapter  aa 
(1)  traditional,  (11)  ownagerlal,  (111)  b^avloral,  or  (iv)  modern 
traditional,  primarily  on  the  baala  of  the  model 'a  objective  function 
(l.e.  the  fln'e  auppoaed  objective).  According  to  the  traditional 
modela,  the  fln'a  objective  la  to  amxlalze  total  profit.  The  modela 
are  aingle  period  equlllbrlua  modela,  the  role  of  finance  la  Ignored, 
and  uncertainty  la  abaent. 

Unlike  the  traditional  aodala,  which  aaauae  the  firm  functlona 
primarily  for  the  benefit  of  the  flm'a  owner-entrepreneura , the  mana- 
gerial modela  aaauae  the  firm  functlona  primarily  for  the  benefit  of 
the  flra'a  aanagera.  Citing  the  auppoaed  aeparation  of  cwnerahlp  from 
control,  the  aanagerialiata  argue  that  the  firm  aeeka  to  maximize  mana- 
gerial utility,  which  different  economiata  ezpreaa  aa  a function  of 
aalea  only  or  the  rate  of  growth  of  aalea  only  (Bauaol) ; the  ateady 
atate  rate  of  growth  only  or  growth  and  the  valuation  ratio  (Marrla) ; 
ataff,  emolumanta,  and  dlacretlonary  profit  (Villiamaon) ; the  rate  of 


J 


O 


434 


FIRM'S  CERTAINTY/  EQUILIBRIUM/ 

OBJECTIVE  FINANCE  UNCERTAINTY  DISEQUILIBRIUM  TIME 
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MODEL  OBJECTIVE  FINANCE  UNCERTAINTY  DISEQUILIBRIUM  TIME 
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profits,  growth,  aanagerlsl  utility,  etc.,  have  been  listed 


8(i>suBe<l  within  the  model,  I * Internal  financing  only,  E - external  financing  permitted. 


maximization  version  this  Is  subsumed  In  both  r(D)  and  p(D)  . Ibid 


growth  of  total  assets  (Herendeen) ; or  both  profit  and  sales  (Leland) . 
Where  profit  or  the  market  value  of  the  firm  Is  «d>sent  from  the  objective 
function,  It  appears  as  a constraint;  present  and  potential  future  owners 
force  the  firm  to  malnttdn  some  minimum  level  of  profitability  (or market 
value) . 

Like  the  traditional  models,  the  managerial  models  (at  least,  the 
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ones  discussed  In  this  chapter)  ^street  from  uncertainty.  But 
unlike  the  traditional  models,  they  generally  treat  finance  explicitly 
and  permit  external  financing  of  Investment,  and  further  they  generally 
recognize  the  Importance  of  growth  to  corporate  managers  and  give  the 
firm  a dynamic  character  (even  If  It  is  only  of  a steady  state  character) . 

Unlike  the  other  three  classes  of  models  listed  In  table  11-34,  the 
behavioral  models  are  not  optimization  models.  These  models  are  intended 
as  a supplement  to,  rather  than  as  a substitute  for,  the  traditional 
models.  Although  profits  are  important  to  the  firm,  total  profit  is  Just 
one  of  several  goals,  of  which  no  one  single  goal  Is  overriding.  As 
indicated  In  section  H,  a great  many  of  the  behavioral  models  have  been 
attempts  to  simulate  the  workings  of  real-world  firms,  and  thus,  these 
models  have  tended  to  be  firm-specific,  rather  than  generalizations  of 
'typical'  firm  behavior  like  the  other  models  In  table  11-34. 

The  fourth  class  of  models,  the  modem  traditional  models,  have 
been  so  named  because  they  share  the  traditional  model's  view  of  the 
firm  as  an  economic  entity  that  functions  primarily  for  the  benefit  of 
the  ftrm'e  owners  (rather  than  Its  managers).  But  the  modem  traditional 
differ  from  the  traditional  models  In  at  least  one  of  the  following 
» r- aot  eepstta 


• I 


(me  stock 


mrkat  la  Introduced;  since  the  'owners' 
the  firm's  aeaets,  but  only  the  shares 


they  hold,  the  objective  of  the  firm  becomes  one  of  maximizing 
the  share  price,  the  stock  market  value  of  the  firm  (expressed 
alternatively  In  terms  of  the  dividend  stream,  the  net  Income 
stream,  or  the  cash  flow  stream  — all  of  which  lead  to  the 
same  result  when  certain  conditions  discussed  In  section  I 
are  satisfied) , or  the  total  market  value  of  the  firm. 

- Financial  considerations  are  Introduced  explicitly  Into  the 
model  (In  the  first  version  of  the  Vickers  model,  which  retains 
the  objective  of  profit  maximization,  the  short  term  financial 
(l.e.  working  capital)  needs  of  the  firm  are  recognized. 

- The  existence  of  uncertainty  Is  recognized  and  Incorporated 
In  one  of  two  ways:  via  either  the  mean-variance  framework 

or  the  time-state-preference  framework.  In  the  Leland  (modem 
traditional)  models  the  presence  of  uncertainty,  coupled  with 
risk  aversion  on  the  part  of  Investors  (and  managers)  leads 
to  a unique  formulation  of  the  firm's  objective  function  In 
terms  of  expected  utility. 

- The  firm  Is  permitted  to  grow,  though,  in  contrast  to  the 
managerial  models,  the  traditional  objective  of  the  firm 
appropriately  modified)  la  retained. 

The  modem  traditional  models  are  'modem',  then.  In  the  sense  that 
they  permit  one  or  more  of  the  restrictive  assumptions  underlying  all 
the  traditional  models  to  be  relaxed. 

Table  11-35  reexamines  the  models  of  the  firm  In  a different  light, 
focusing  Instead  on  the  mathematical  form  of  each.  With  the  exception 
of  the  behavioral  models,  which  are  normally  of  the  simulation  variety 


and  of  which  only  certain  coi^ponent  submodela  were  dlscusaed  In  section 
H,  each  of  the  models  was  expressed  In  the  form  of  either  a mathematical 
programming  problem  (l.c.  a static  form)  or  an  optimal  control  problem 
(l.e.  a dynamic  form).  But  within  each  of  these  problem  types  there 
are  a variety  of  specific  forms,  according  to  the  nature  of  the  con- 
straint set,  and  In  the  case  of  the  mathematical  programming  formula- 
tion, according  to  vdiether  the  objective  function  and  all  the  constraints 
are  linear. 

The  survey  of  the  literature  dealing  with  the  theory  of  the  firm 
presented  In  this  chapter  has  traced  the  evolution  of  that  body  of 
economic  theory.  As  Indicated  by  the  range  of  models  discussed  In 
this  chapter,  the  models  of  the  firm  that  have  been  developed  thus 
far  have  explored  the  behavioral  Implications  of  a fairly  broad  range 
of  objectives  — traditional,  managerial,  b^avloral,  and  modern  tradi- 
tional. In  the  opinion  of  this  writer,  the  major  sources  of  satisfac- 
tion to  shar^olders,  to  managers,  and  to  members  of  other  groups  within 
the  firm  are  reflected  In  the  variety  of  objective  functions  that  have 
appeared  In  the  literature.  Though  one  may  find  It  advantageous  from 
a modeling  standpoint  to  select  a conblnatlon  of  apeclflc  objectives 
different  from  those  already  proposed,  the  need  to  find  a 'more  realis- 
tic* objective  Is  not.  In  the  opinion  of  this  writer,  likely  to  be  one 
of  the  potentially  more  fruitful  areas  for  research  within  the  theory 
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of  the  firm.  Indeed,  as  suggested  In  several  places  In  this  chapter, 
the  b^avloral  Implications  of  several  different  objectives  may  be 
virtually  Indistinguishable  (theoretically  as  well  as  empirically)  due 
to  the  contributions  of  profit  toward  meeting  so  many  of  the  alternative 
objectives  that  have  been  proposed'. 
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(profit 


11.  Unconstrained  optlalzatlon  for  deteralnlng  Che  short  run  equilibrium  position  of  the  Individual  firm  In 
Isolation;  graphical  analysis  for  determining  the  long  run  equilibrium  of  firms  In  the  Industry. 


12.  Equality  constraints  In  the  initial  fonulation  (92)  ellalnatcd  by  introducing  a constant  retention 
ratio,  r , and  by  std>stitution  into  the  objective  function. 
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A potentially  nora  fruitful  area  for  research  within  the  theory  of 
^ the  flm  concerns  the  devclopnent  of  models  of  the  firm  under  uncer- 

tainty — models  that  would  lead,  hopefully,  to  a better  understanding 
of  the  relationship  between  the  firm's  operating  decisions  and  Its 
financial  decisions.  The  traditional  models  and  most  of  the  modem 
revisions  to  the  theory  of  the  flm  have  assumed  certainty  and  perfect 
capital  markets.  In  such  an  environment  the  flm's  financial  policies 
are  separable  from  its  operating  policies.  Thus,  financial  considerations 
can  be  subsumed  within  the  model,  or  If  the  question  of  financing  Is 
to  be  treated  explicitly,  new  share  Issues  can  be  treated  like  negative 
dividends,  and  the  flm  can  be  treated  as  If  It  relied  exclusively  on 
Internal  financing,  without  any  loes  of  generality.  However,  as  sug- 
gested by  the  Krouse  model,  the  flm's  financial  policies  are  not 
irrelevant  to  shareholders  when  capital  markets  are  Imperfect.  Also, 
as  suggested  by  Leland's  model  of  the  flm  In  the  context  of  stock 
market  equilibrium,  the  flm's  operating  decisions  are  not  separable 

from  Its  financial  decisions  (under  uncertainty)  If  markets  are  Incom- 
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plate.  With  these  notable  exceptions,  modeling  efforts  within  the 
theory  of  the  flm  have.  In  general,  been  focused  on  the  flm's  produc- 
tion and  Investment  decisions.  In  chapter  four  of  this  thesis  the 
relationship  between  the  flm's  optimal  operating  decisions  - those 
relating  to  production  and  Investment  - and  Its  optimal  financial 
decisions  - those  Involving  Its  maintenance  of  cash  balances.  Its 
^ choice  of  capital  structure,  and  Its  choice  of  dividend  policy  - are 

I examined  more  closely. 

i 

A seco’ d potentially  fertile  area  for  research  within  the  theory  of 


i 


context.  The  aodern  revisions  to  the  theory  of  the  firm  heve.  In 
general,  either  Introduced  uncertainty  vlthln  a single  period  context 
or  else  extended  the  certainty  model  to  a multiperiod  context,  but  have 
not  done  both.  One  obstacle  standing  In  the  way  of  accomplishing  this 
extension  (of  models  of  the  fin)  to  the  behavior  of  the  firm  under 
uncertainty  over  more  than  one  period  Is  the  fact  that,  under  uncer*- 
talnty,  maximizing  the  stock  market  value  of  the  firm  Is  not  equivalent 
to  putxLmizlng  shar^older  utility,  unless  capital  markets  are  both 
perfect  and  complete.  Hence,  specifying  the  appropriate  objectltre 
function,  at  least  in  the  case  of  the  siodern  traditional  models,  appears 
to  involve  a conceptual  problem  that  Is  nontrivial.  Similarly,  the 
multiperiod  managerial  models  that  have  Included  growth  as  one  of  the 
firm's  objectives  have  restricted  their  attention  to  steady  state  growth, 
probably  due  to  the  difficulty  of  explicitly  allowing  for  non-steady 
state  growth  as  an  objective.  Moreover,  the  managerial  models  have. 

In  general,  abstracted  from  uncertainty. Thus,  while  much  work  has 
been  done  both  In  studying  the  Impact  of  uncertainty  on  the  b^avlor 
of  the  firm  In  the  single  period  context  and  In  studying  the  behavior 
of  the  firm  under  certainty  In  a multiperiod  context,  the  behavior  of 
the  firm  under  uncertainty  In  a multiperiod  context  remains  relatively 
virgin  territory  for  economic  modelers.  The  basic  theoretical  model 
developed  In  chapters  thrrc  ^na  tour,  as  well  as  the  representative 
airframe  builder  model  formulated  j**  chapter  seven,  are  both  dynamic 
and  stochastic.  In  contrast  to  the  models  dt>cussed  In  this  chapter. 

A third  potentially  productive  area  for  research  concerns  the 
Internal  organization  of  the  firm  and  the  impact  that  organizational 
form  and  conflicts  among  the  social  groupings  that  comprise  the  firm 
may  have  on  the  firm's  performance  (relative  to  its  objective(s)) . 
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with  the  exception  of  the  O.E.  Williamson  model.  In  which  managers' 

preferences  for  staff  could  affect  overall  operating  efficiency,  and 

the  behavioral  models,  which  are  mainly  concerned  with  what  goes  on 

Inside  the  firm,  the  models  discussed  In  this  chapter  treat  the  firm 

like  a black  box,  abstracting  from  what  goes  on  Inside  the  firm.  With 

few  exceptions,  the  models  of  the  firm  to  date  have  focused  their 

attention  on  external  allocation  questions  - e.g.  how  much  labor  It 

Is  optimal  for  the  firm  to  hire  and  how  much  output  It  Is  optimal  for 

the  firm  to  produce  - to  the  exclusion  of  Internal  allocation  questions  - 

e.g.  how  should  the  firm's  (limited)  supply  of  money  capital  be 

(optimally)  allocated  among  Its  operating  divisions.  Yet,  these 

internal  allocation  questions  may  have  Important  Implications  regarding 

749 

how  efficiently  the  economy,  as  well  as  the  firm,  functions. 

The  role  of  organizational  factors,  and  in  particular,  how  the  degree 
of  organizational  slack  may  vary  over  the  business  cycle  and  how 
decentralization  may  adversely  affect  Internal  control  and  X-ef flclency, 
are  explored  below  In  chapter  five. 


in 


► 


CHAPTER  TWO  FOOTNOTES 


1.  If  one  or  more  of  the  mathematical  solution  techniques  listed  In 
table  11-35  are  unfamiliar,  the  references  given  In  footnotes  71 
and  81  of  chapter  one  will  provide  the  necessary  background. 

2.  See  R.  Frisch,  "On  the  Notion  of  Equilibrium  and  Disequilibrium," 
Review  of  Economic  Studies  (vol.  3;  1935-36),  pp.  100-105;  Hicks, 
Value  and  Capital,  op.  clt.,  ch.  10;  Samuelson,  Foundations  of 
Economic  Analysis,  op.  clt. . ch.  9;  and  J.S.  Chlpman,  "The  nature 
and  meaning  of  equilibrium  In  economic  theory,"  In  D.  Martlndale, 
ed. , Functionalism  In  the  Social  Sciences;  The  Strengths  and 
Limits  of  Functionalism  In  Anthropology,  Economics.  Political 
Science  and  Sociology;  A Symposium  (American  Academy  of  Political 
and  Social  Science;  1965),  pp.  35-64. 

3.  In  traditional  models  a distinction  Is  made  between  the  short  run. 

In  which  the  firm's  capital  stock  Is  fixed,  and  the  long  run,  in 
which  the  capital  stock  is  variable.  Whether  the  time  span  involved 
is  the  short  run  or  the  long  run,  the  traditional  model  is  still  a 
single  period  model  — even  though  the  firm's  capital  stock  is 
constant  In  the  first  case  and  variable  In  the  second. 

4.  It  Is  tempting  to  call  single  period  models  'static'  and  multiperiod 
models  'dynamic'.  However,  the  steady  state  growth  models  are 
multiperiod  models  In  which  all  quantities  grow  at  the  same  rate  and 
hence  remain  In  fixed  relation  to  one  another  until  the  equilibrium 
Is  disturbed.  For  this  reason  such  models  can  be  formulated  as 
static  optimization  problems,  as  pointed  out  In  chapter  one. 
Therefore,  to  avoid  confusion.  In  this  paper  the  terms  static  and 
dynamic  will  be  reserved  for  describing  mathematical  optimization 
techniques. 

5.  See  Hicks,  Value  and  Capital,  op.  clt. , ch.  10. 

6.  See  Samuelson,  Foundations  of  Economic  Analysis,  op.  clt.,  ch.  9. 

An  equilibrium  Is  said  to  be  stable  If  "a  displacement  from  equilib- 
rium Is  followed  by  a return  to  equilibrium."  Ibid. , pp.  261-262. 

7.  Harris,  Theories  of  Corporate  Growth,  op.  clt.,  p.  13. 

8.  There  Is  a fourth  financial  statement,  the  statement  of  changes  In 
financial  position,  that  Is  a major  source  of  financial  information, 
though,  for  the  purposes  of  this  chapter,  only  the  Information 
provided  In  the  three  financial  statements  mentioned  In  the  text 
will  be  needed. 
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9.  A fuller  discussion  can  be  found  in  financial  accounting  textbooks, 
such  as  Welsch  and  Anthony,  op.  clt. . ch.  3. 

10.  The  financial  statements  Illustrated  in  tables  II-l,  II-2,  and  II-3 
are  for  typical  manufacturing  firms,  since  this  is  the  type  of 
business  firm  with  which  the  theory  of  the  firm  is  concerned. 

11.  For  this  reason,  the  balance  sheet  is  also  called  the  'statement 
of  financial  position. ' 

12.  It  should  be  pointed  out  that  there  are  several  methods  accepted 
by  professional  accountants  for  figuring  depreciation  and  that  the 
particular  method  selected  by  a firm  often  depends  on  tax  considera- 
tions. For  a comparative  discussion  of  these  methods  see  ibid. , 

ch.  9. 

13.  The  characteristics  of  preferred  stock  are  described  in  ibid. , 
ch.  12. 

14.  For  this  reason,  the  Income  statement  is  also  called  the  'profit 
and  loss  statement.' 

15.  This  Interest  expense  does  not  include  dividends  on  preferred 
stock,  since  such  dividends  are  not  deductible  for  tax  purposes. 

16.  A synonym  for  'profit'  that  ia  widely  used  in  the  business 
literature  is  'earnings.' 

17.  It  is  the  author's  conjecture  that  the  balance  sheet  and  income 
statement,  as  provided  by  the  accountant,  would  be  identical  to 
those  provided  by  the  economist  if  the  economy  were  in  general 
equilibrium  and  if,  in  addition,  markets  were  perfect  (see  footnote 
126  for  a definition  of  a perfect  market)  and  complete  (see 
footnote  430  and  subsection  la  of  section  K for  a definition  and 
discussion  of  the  meaning  of  complete  markets)  and  the  firm  rented 
all  its  capital.  One  possible  approach  to  demonstrating  this  result 
would  be  first  to  hypothesize  a disequilibrium  situation  and  to 
specify  the  accounting  and  economic  balance  sheets  and  income 
statements  and  then  to  demonstrate  the  'convergence'  of  the  two 
sets  of  financial  statements  as  the  economy  approached  general 
equilibrium.  It  is  recognized  by  the  author  that  it  might  be 
difficult  to  accomplish  this  without  making  the  result  dependent 

on  Just  how  the  initial  disequilibrium  was  specified. 
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18.  Finance  has  no  explicit  role  to  play  in  the  traditional  models  of 
the  firm  since,  in  a world  of  certainty,  profit  maximization  pro- 
vides a complete  description  of  the  behavior  of  the  firm.  Indeed 
traditional  economic  models  of  the  firm  are  complete  without 
acknowledging  the  existence  of  the  stock  market.  See  H.E.  Leland, 
"Production  Theory  and  the  Stock  Market,"  Bell  Journal  of  Economics 
and  Management  Science  (vol.  5,  no.  1;  Spring  1974),  pp.  125-144. 
Though  finance  is  not  treated  explicitly  in  these  models,  it  is 
not  Ignored.  Rather,  it  is  subsumed  within  the  general  equilibrium 
analysis  of  a market  economy  since,  in  general  equilibrium,  there 
exist  only  those  firms  that  are  capable  of  financing  their  opera- 
tions (with  or  without  the  stock  market).  See  Arrow,  The  Firm  in 
General  Equilibrium  Theory,  op.  cit.,  pp.  68-110. 

19.  Machlup,  op.  cit.,  p.  9. 

20.  A useful  survey  of  the  literature  dealing  with  the  price  behavior 
of  firms  is  provided  in  A.  Sllberston,  "Price  Behavior  of  Firms," 
Economic  Journal  (vol.  80;  no.  319;  September  1970),  pp.  511-582. 

21.  See  A. A.  Walters,  "Production  and  Cost  Functions;  An  Econometric 
Survey,"  Econometrlca  (vol.  31;  no.  1-2;  January-April  1963), 

pp.  1-66,  and  D.W.  Jorgenson,  "The  Theory  of  Investment  Behavior," 
in  R.  Ferber,  ed. , Determinants  of  Investment  Behavior  (Columbia 
University  Press;  New  York;  1967),  pp.  133-135. 

22.  A now  classic  synthesis  of  the  neoclassical  (or  traditional) 
theory  of  the  firm  was  provided  by  Samuelson.  See  P.A.  Samuelson, 
Foundations  of  Economic  Analysis  (Harvard  University  Press, 
Cambridge,  Mass.;  1947),  chs.  3-4,8. 

23.  Economists  often  distinguish  pure  competition  from  perfect  competi- 
tion. Of  the  following  five  conditions,  (1)  through  (iv)  define 
what  is  called  pure  competition  and  the  addition  of  condition  (v) 
gives  perfect  competition.  The  difference  between  the  two  is  that 
'pure'  refers  to  the  market  structure,  whereas  'perfect'  refers 

to  the  nature  of  the  information  that  is  available  to  market 
participants.  For  the  purposes  of  this  paper  this  distinction 
is  not  of  critical  importance,  though  it  should  be  remembered  that 
perfect  competition  requires  that  all  five  conditions  hold.  Con- 
dition (v)  is  important  because  in  the  real  world  Imperfect 
information  Is  one  of  the  major  sources  of  uncertainty. 

24.  The  stock  market  and  certain  agricultural  markets  are  often  cited 
as  examples,  but  due  to  the  increasing  influence  of  large  institu- 
tional Investors  in  the  stock  market  and  the  keen  cost  competition 
and  widening  role  of  cooperatives  in  agriculture,  neither  fits 
the  competitive  model  exactly. 

25.  W.J.  Baumol,  "Models  of  Economic  Competition,"  in  P.  Langhoff,  ed.. 
Models.  Measurement  and  Marketing  (Prentice-Hall,  Englewood  Cliffs, 
N.J.;  1965),  pp.  143-168.  An  allocation  of  resources  is  said  to 

be  'Pareto  optimal'  "if  production  and  distribution  cannot  be 
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reorganized  Co  Increase  the  utility  of  one  or  more  Individuals 
without  decreasing  the  utility  of  others."  See  J.M.  Henderson 
and  R.E.  Quandt,  Microeconomic  Theory;  A Mathematical  Approach, 

2nd  ed.  (McGra%r-Hlll;  New  York;  1971),  ch.  7,  for  a mathematical 
statement  of  the  conditions  required  for  Pareto  optimality,  and 
In  particular,  p.  255,  from  which  the  quote  was  drawn. 

26.  Excellent  mathematical  expositions  of  the  model  of  the  firm  under 
perfect  competition  can  be  found  In  Henderson  and  Quandt,  op.  clt., 
ch.  3,  and  In  Intrlllgator,  op.  clt..  ch.  8.  An  equally  good. 
Chough  geometric,  presentation  can  be  found  In  Herendeen,  op.  clt.. 
ch.  4, 

27.  Note  that  the  MP  curve  Intersects  the  AP  curve  at  the 
maximum  point  on  ne  latter.  This  Is  easily  proven.  To  find 
the  maximum  value  of  AP  set 

Irf 

i-aP  ^ - L.3f/3L  - fg.K)  _ ^ ~ Q . - 

Then  L • MPj^  - Q - 0 , or  MP^^  » ^ - AP^^  . Similarly,  If  K 

were  varied  while  L were  held  fixed,  the  same  argument  would 
show  that  MP  and  AP  could  be  replaced  by  MP^  and  APj.  , 
respectively, ^and  L could  be  replaced  by  K In  figure  Ix-1. 

28.  A stronger  assumption  Is  chat  the  production  function  Is  concave. 
See  footnote  30. 

29.  Some  textbooks  give  the  Isoquants  a shape  different  from  that  shotm 
In  figure  II-2  In  order  to  show  Chat,  when  one  Input  Is  fixed 

and  Che  other  Is  varied,  eventually  the  law  of  diminishing  marginal 
productivity  will  cause  the  marginal  productivity  of  the  variable 
Input  to  become  negative.  In  which  case  Increased  use  of  that 
Input  will  cause  the  level  of  output  to  fall.  Since  a rational 
producer  would  stop  adding  amounts  of  the  variable  Input  once  Its 
marginal  productivity  fell  to  zero,  figure  II-2  has  been  draim 
to  show  only  Che  feasible  region  of  production  An  example  of 
the  more  general  shape  la  provided  In  Henderson  and  Quandt,  op. 
clt. . p.  60. 

30.  In  addition.  It  Is  normally  assumed  that  the  production  function 

Is  concave  (and  sometimes  It  Is  assumed  to  be  strictly  concave), 
at  least  over  som  portion  of  Che  doMln  of  the  function,  which 
requires  that  3 f/3L  < 0 , 3^f/3K^  < 0 , and 
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with  strict  Inequalities  holding  when  strict  concavity  Is  assumed. 
It  should  be  noted  that  (strict)  concavity  of  the  production 
function  Implies  (strict)  convexity  of  the  Isoquants. 


F 


31.  The  basic  reference  Is  H.W.  Kuhn  and  A.W.  Tucker,  "Nonlinear 
Programming,"  In  J.  Neyman,  ed. , Proceedings  of  the  Second 
Berkeley  Symposium  on  Mathematical  Statistics  and  Probability 
(University  of  California  Press;  Berkeley,;  1951),  pp.  481-492. 

The  conditions  can  be  found  In  any  nonlinear  programming  text 
and  In  most  mathematical  economics  texts.  See,  for  example, 
Intrlllgator,  op.  clt.,  ch.  4.  The  economic  content  of  the 
Kuhn-Tucker  theorem,  and  more  generally,  the  economic  Interpre- 
tation of  the  dual  to  a nonlinear  programming  problem,  are 
discussed  In  M.L.  Balinskl  and  W.J.  Baumol,  "The  Dual  In  Nonlinear 
Prograamlng  and  Its  Economic  Interpretation,"  Review  of  Economic 
Studies  (vol.  35,  no.  103;  July  1968),  pp.  237-256.  For  problems 
(5)  and  (6)  a simpler  solution  procedure  is  to  assume  L > 0 

and  K > 0 , which  Is  almost  always  the  case,  and  solve  these 
problems  as  unconstrained  problems. 

32.  Since  only  the  case  In  which  L > 0 Is  of  Interest,  in  what 
follows  It  Is  assumed  that  L > 0 , l.e.  that  the  firm  hires  some 
labor. 

33.  Strictly  speaking,  equation  (11)  holds  provided  MP  0 . But 
note  from  (8)  that.  If  L , p , and  w are  strictly  positive, 
then  KP  > 0 . When  the  optimal  amounts  of  the  variable  inputs 
are  used.  It  Is  generally  the  case  that  the  marginal  productivity 
of  each  Is  strictly  positive.  An  exception  to  this  rule  would  be 
the  case  In  which  the  wage  rate  w were  zero  while  the  price 

p were  positive.  From  (8),  MP  ■ 0 , and  the  firm  would  hire 
labor  until  Its  marginal  product^ity  fell  to  zero,  l.e.  with 
given  capital  stock,  the  firm  would  BMxlmlze  total  output.  How- 
ever, In  the  context  of  a general  equilibrium  oradel  of  a market 
economy,  a zero  price  for  any  factor  of  production  Is  highly 
unlikely.  Therefore,  in  irfiat  follows  qualifications  like 
'provided  MP  i O'  will  be  added  only  when  the  conditions  under- 
lying the  model  make  It  necessary  to  consider  explicitly  the 
possibility  of  the  denominator  being  zero  at  optimality. 

34.  Problem  (17)  could  also  be  solved  with  the  aid  of  Lagrange 
multipliers  to  obtain  the  same  result. 

35.  This  result  Is  casllx.demonstrated.  Average  total  cost,  AC  , 

Is  given  by  AC  - , and  Its  derivative  Is 

AC'  - (Q'C'(Q)  - C(Q))/Q^.  Since  > 0 , It  follows  that  the 

sign  of  AC'  Is  determined  by  the  sign  of  ths  numerator.  Thus, 

AC'  < 0 pYhfn  Q ’ C (Q)  - C(Q)  < 0 , which  Is  equivalent  to 
C ' (Q)  < » or  MC  < AC  , and  by  the  same  argument , AC ' > 0 

when  MC  ^AC  . Also,  MC  ■ AC  when  the  latter  Is  minimized. 
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36.  In  order  that  the  flm  earn  Baxlmua  profit.  It  la  neceaaary  that 
p - SRMC  ■ LRMC  , for  If  p SRMC  , the  flm  can  Increaae  total 
profit  by  changing  the  level  of  output,  and  If  p LRMC  , It 
can  Increase  total  profit  by  altering  Its  scale  of  operations, 

K . In  order  that  It  earn  zero  profit.  It  Is  necessary  that 
p ■ SRAC  ■ LRAC  (since  price  equals  average  revenue  and  zero 
profit  Inplles  that  average  revenue  equals  average  cost). 

37.  It  Is  also  normally  assumed  that  the  production  function  Is  written 
so  that  Its  partial  derivatives  for  all  outputs  are  usually 
positive  and  Its  partial  derivatives  for  all  Inputs  are  usually 
negative,  and  these  same  assumptions  are  made  here. 

38.  Note  that  this  is  really  the  long  run  problem  since  none  of  the 
Inputs  Is  fixed.  For  the  short  run  problem,  there  would  have  to 
be  an  additional  set  of  constraints  on  the  Inputs, 

g . (^,  * • • • , ^b.  , 1*'1,...,S  , 

1 A in  1 

to  reflect  the  s Inputs  that  are  in  fixed  supply.  In  solving 
this  larger  problem,  one  additional  Lagrange  multiplier  would  have 
to  be  Introduced  for  each  such  constraint.  An  alternative  exposi- 
tion of  the  long  run  problem  In  terns  of  minimizing  average  total 
cost  yields  the  same  basic  results.  See  E.  Sllbarbarg, 

"The  Theory  of  the  Fira  In  'Long-Run'  Equilibrium,"  American 
Economic  Review  (vol.  64;  no.  4;  September  1974),  pp.  734-741. 

39.  It  Is  also  required  that  q.  > 0 , for  all  1 , and  that  x,  > 0 , 
for  £ll  J , In  2^1ch  case  the  nonnegativity  constraints 

Tf  ^ 0 and  T ^ 0 should  be  appended  to  problem  (23).  Solving 
this  larger  problem  would  require  the  application  of  the  Kuhn- 
Tucker  conditions.  This  Is  unnecessary,  however.  If  attention 
Is  focused  on  nontrivial  solutions  (l.e.  those  In  which  all 
variables  are  strictly  positive  at  optimality).  It  should  be 
noted  that  the  possibility  of  a zero  value  for  one  or  more  decision 
variables  might  have  to  be  considered  If  the  problem  Involves  a 
company  or  one  of  Its  divisions  that  might  decide  not  to  use  an 
Input  or  not  to  produce  an  output  — that  It  would,  under  different 
conditions,  use  or  produce,  respectively  — during  the  particular 
period  under  consideration.  For  example.  In  the  case  of  a seasonal 
good.  It  might  prove  convenient  to  leave  such  an  output  in  the 
production  function  and  to  let  the  relevant  decision  variable 
assume  a zero  value  when  the  good  Is  'out  of  season.' 

40.  In  the  simple  case  of  two  outputs,  the  production  function  In 
Implicit  form  Is  F(q. ,q2,x. ,. . . ,x  ) > 0 . When  all  Inputs  are 
held  fixed,  the  production  Functloff  defines 
a locus  of  output  combinations  called  a 
product  transformation  curve,  the  shape 
of  which  Is  bowed  out  from  the  origin, 
as  In  the  figure  to  the  right.  The  reason 
for  this  Is  that,  when  Inputs  are  used 
with  maximum  technical  efficiency,  more 
of  one  output  can  be  obtained  only  If 


4S7 


some  of  the  other  is  sacrificed.  As  long  as  factor  proportions 
are  unequal  for  the  two  goods,  obtaining  more  of  q required 
that  successively  larger  amounts  of  q.  be  sacrificed.  The  slope 
of  the  tangent  to  the  curve  at  any  point  is  negative,  and  the 
negative  of  this  slope  is  called  the  rate  of  product  transformation. 
The  macroeconomic  analogue  of  the  product  transformation  curve 
is  the  production  possibilities  curve,  and  in  Introductory 
economics  textbooks  this  curve  typically  appears  with  guns  in 
place  of  q.  and  butter  in  place  of  q , Illustrating  the 
familiar  giins  vs.  butter  choice  that  confronts  society. 


41.  The  second  order  conditions  for  profit  maximization  require  that 
the  bordered  Hessian  determinants 
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alternate  in  sign  with  the  first  determinant  being  positive, 

where  F^  - 3F/3q^  , 1 £ i 1 n ; F^^^  - 3F/3Xj  , 1 £ j £ m ; 

and  where  the  F . are  the  second  order  partial  derivatives  of 
F.  See  Henderson^ and  Quandt,  op.  cit..  pp.  96,  404-406.  In 
problems  such  as  (23),  the  second  order  conditions  are  seldom 
stated  since  only  the  first  order  conditions  convey  what  is 
generally  considered  useful  economic  information. 


42.  A.  Hunter,  Competition  and  the  Law  (Allen  & Unwin;  London;  1966), 
ch.  2. 


43.  J.A.  Schumpeter,  Capitalism.  Socialism  and  Democracy  (Harper  and 
Row;  New  York;  1942),  chs.  7-8.  Schumpeter  offers  an  elegant 
argument  against  the  acceptance  of  perfect  competition  as  a goal 
of  government  antitrust  policy  — an  argument  that  is  as  relevant 
today  as  it  was  when  it  was  first  presented. 

44.  See  F.M.  Scherer,  "Market  Structure  and  the  Employment  of  Scien- 
tists and  Engineers,"  American  Econoadc  Review  (vol.  57;  no.  3; 
June  1967),  pp.  524-531,  and  W.S.  Comanor,  "Market  Structure, 
Product  Differentiation,  and  Industrial  Research,"  Quarterly 
Journal  of  Economics  (vol.  81;  no.  4;  November  1967),  pp.  639-657. 

45.  Baumol,  Models  of  Economic  Competition,  op.  cit..  p.  155. 

46.  The  classic  references  for  this  topic  are  R.  Dorfman,  Application 
of  Linear  Protramming  to  the  Theory  of  the  Firm  (University  of 
California  Press;  Berkeley:  1951);  R.  Dorfman,  P.A.  Samuelson, 
and  R.M.  Solow,  Linear  Protraamd.nt  and  Economic  Analysis  (McGraw- 
Hill;  New  York;  1958) t and  K.B.  Boulding  and  A.H.  Spivey,  edsu 
Linear  Programming  and  the  Theory  of  the  Firm  (Macmillan;  New  York; 
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1960).  Two  more  recent  texts  are  C.  Kwang  and  Y.  Wu,  Mathematical 


Programming  and  Economic  Analysis  of  the  Firm  (International 
Textbook  Company:  London;  1971)  and  D.C.  Vandermeulen,  Linear 
Economic  Theory  (Prentice-Hall;  Englewood  Cliffs,  N.J.;  1971), 
both  of  %rhlch  do  an  excellent  job  of  explaining  the  mathematical 
and  economic  relatl-.  nshlp  between  the  linear  and  nonlinear 
formulations. 

47.  For  a discussion  of  the  more  general  case.  In  which  there  are  n 
outputs  and  a choice  of  processes  for  producing  each,  see 
Vandermeulen,  op.  clt..  ch.  11. 


The  term  profit  Is  being  used  rather  loosely  here  to  mean  what 
the  accountant  calls  'contribution  margin',  which  Is  the  difference 
between  the  price  of  the  Item  and  its  variable  costs.  Since 
price  is  taken  as  given  under  perfect  competition  and  since  unit 
variable  costs  normally  remain  roughly  constant  over  some  range 
of  output,  the  assunqitlon  that  c^  Is  constant  Is  reasonable. 

In  a practical  problem.  If  the  c^'s  were  not  known  with  certainty 
then  sensitivity  analysis  could  be  performed  to  deal  with  this 
uncertainty. 


The  theory  of  linear  programming,  and  in  particular,  the  extreme 
point  theorem  and  Its  proof,  can  be  found  In  G.  Hadley,  Linear 
Programming  (Addlson-Wesley;  Reading,  Mass.;  1962). 


There  may  be  more  than  n-m  at  the  zero  level  If  the 

solution  to  problem  (31)  Is  degenerate. 


Indeed,  It  can  be  shown  that  the  Kuhn-Tucker  conditions,  when 
applied  to  problems  (31)  and  (32),  yield  the  simplex  optimality 
conditions. 


The  notion  of  a process,  or  activity.  Is  discussed  In  R.  Dorfman 
"Mathematical,  or  'Linear'  Programming:  A Nonmathematical 
Exposition,"  American  Economic  Review  (vol.  43;  no.  5;  December 
1953),  pp.  797-825. 


To  see  this,  note  that.  If  process  1 Is  used  to  produce  5o 
units  of  output  and  process  2 Is  used  to  produce  5(l-a) 
units  of  output,  where  0 < a < 1 , then  process  1 requires 
3a  units  of  R and  a units  of  L trhlle  process  2 requires 
2(l-a)  units  of  K and  2(l-a)j^  units  of  L . But  since  the 
coordinates  of  point  A are  (t)  and  the  coordinates  of  B 
are  (.)  , the  Input  coiri>lnatlon'’  a(f)  (1-a)  (^)  lies  on  the  line 
segment  joining  A and  B . The  validity  of  nis  simple  linear 
relationship  rests  on  the  assumption  that  the  processes  are 
operated  independently,  so  that  two  or  more  processes  can  be  used 
simultaneously  without  any  one  process  generating  favorable  or 
unfavorable  effects  on  any  other. 
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54.  The  vertical  line  beginning  at  A and  the  horizontal  line  beginning 
at  C are  technically  part  of  the  laoquant,  though  no  rational 
producer  would  ever  uae  any  of  those  Input  coablnatlona  since 

In  each  case  some  amount  of  one  of  the  Inputs  Is  being  wasted. 

Thus,  the  feasible  region  of  production  lies  between  the  rays 
extending  from  the  origin  through  the  points  A and  C . 

55.  Vandermeulen,  op.  clt..  pp.  4,  171'-172. 

56.  Ibid. . pp.  171-172. 

57.  The  solution  to  the  linear  programming  problem  Is  Integer-valued. 
Were  this  not  the  case.  Integer  programsilng  could  be  employed 

to  obtain  the  optimal  integer-valued  solution.  See  R.S.  Garflnkel 
and  G.L.  Nemhauser,  Integer  Programming  (Wiley;  New  York;  1972). 

58.  See  U.J.  Baumol  and  R.E.  Quandt,  "Dual  Prices  and  Competition," 

In  A.R.  Oxenfmldt,  ed..  Models  of  Markets  (ColuaR>la  University 
Press;  New  York;  1963),  pp.  237-264. 

59.  The  connection  between  'monopoly  power*  and  the  term  'market 
power'  defined  earlier  Is  the  following.  A firm  may  be  able  to 
Influence  the  prices  of  Its  outputs  or  the  prices  It  pays  for  Its 
Inputs  (or  it  may  be  able  to  Influence  both  output  prices  and 
Input  prices).  Its  ability  to  Influence  output  prices  is  called 
monopoly  power;  Its  ability  to  influence  Input  prices  will  be 
defined  below  (see  footnote  63)  as  monopsony  power;  and  monopoly 
power  and  monopsony  power  are  referred  to  collectively  as  market 
power. 

60.  References  for  this  section  are  Intrlllgator,  op.  clt.,  pp.  201- 
205,  and  Henderson  and  Quandt,  op.  clt..  pp.  206-222,  the  latter 
of  which  deals  with  related  Issues  such  as  the  discriminating 
monopolist,  who  sells  the  same  product  at  different  prices  In 
different  markets,  and  the  sniltlple-plant  monopolist,  who  must 
decide  how  to  allocate  his  production  among  his  plants.  It  should 
be  noted  that  factor  markets,  as  well  as  product  markets,  can. 

In  theory  at  least,  be  monopolistic,  although  this  subsection  Is 
concerned  with  monopoly  In  a product  market,  and  specifically, 
with  the  behavior  of  the  single  producer  serving  that  market. 

61.  Note  that  (34),  rather  than  the  demand  function  (33),  has  been 
graphed  In  figure  II-8.  That  is,  the  coordinate  axes  have  been 
'reversed*.  This  is  the  convention  economists  have  adopted  in 
order  to  be  able  to  graph  the  desMnd  function  on  the  same  set  of 
axes  as  the  marginal  cost  and  average  cost  functions.  In  both  of 
which  quantity,  q , la  the  Independent  variable. 

62.  The  demand  curve  and  the  marginal  revenue  curve  have  the  same 
p-lntercept  when  the  demand  function  Is  linear.  This  follows  from 
the  fact  that  f(q)  Is  of  the  form  p>a-fbq,  b<0,  the  total 
revenue  function  Is  R(q)  • p*q  ■ (a4-bq)*q  ■ aq  bq2  , and  the 
marginal  revenue  function  Is  MR(q)  ■ a 2bq  . Note  that  the 
slope  of  MR  Is  twice  the  elope  of  DD  In  absolute  value. 
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63.  When  a firm  has  some  Influence  over  Its  Input  prices  It  Is  said 
to  possess  some  degree  of  monopsony  power,  and  If  It  Is  the  sole 
buyer  of  some  Input,  the  market  for  that  Input  Is  said  to  be  a 
monopsony.  In  what  follows  It  will  be  assumed  that  the  monopolist 
Is  the  sole  purchaser  of  each  Input,  so  that  the  price  of  each  can 
be  expressed  as  a function  of  his  output  only.  At  the  opposite 
extreme,  the  factor  markets  are  perfectly  competitive  so  that  the 
price  of  each  Input  Is  taken  as  given  and  r Is  constant, 
j ■ l,...,m  . As  a result,  the  optimality  conditions  for  the  case 
In  which  factor  markets  are  perfectly  competitive  would  be  somewhat 
simpler  In  form  than  those  presented  below. 


64.  This  Is  the  long  run  problem  since  there  are  no  restrictions  placed 
on  resource  availabilities.  The  short  run  problem  Is  only  slightly 
more  complicated,  and  so.  Is  not  treated  separately  here. 


65. 


If  the  factor  markets  were  perfectly  competitive,  then 
would  equal  r^  In  equation  (44) . 


66.  Indeed,  (46)  Is  the  general  rule  for  profit  maximization.  Under 
perfect  competition,  P ■ MR  and,  therefore,  (12)  Is  equivalent 
to  (46). 


67.  If  MC  Intersects  MR  In  two  places,  then  the  optimum  output  Is 
determined  by  the  point  of  Intersection  between  MR  and  MC  at 
which  the  latter  Is  rising.  The  easiest  way  to  see  this  Is  to 
view  problem  (40)  as  the  composite  of  two  problems,  the  first  of 
which  provides  a total  cost  function  C(q)  (as  described  in  sub- 
section 1 of  this  section)  and  the  second  of  which  Involves  the 
unconstrained  optimization  problem:  maximize  ■ R(q)  - C(q)  . 

The  first  order  condition  for  this  problem  is  R' (q)  - C'(q)  - 0 , 
or  MR  ■ MC  , and  the  second  order  condition  Is  R''(q)  - C"(q)  < 0 , 
or  R"(q)  < C"(q)  , which  Is  satisfied  If  MR  Is  decreasing  and 
MC  Is  Increasing. 

68.  For  more  on  this  second  point  see  Schumpeter,  op.  clt..  chs.  7-8. 

It  should  be  noted  that  the  development  of  a new  product  does  not 
necessarily  confer  monopoly  status  on  Its  developer.  Whether  or 
not  It  does  depends  on  the  extent  to  ifhich  existing  products  can 
serve  as  substitutes  for  the  new  product.  Note  that  In  both 
cases  mentioned  in  the  text  a welfare  argument  is  Involved.  In 
the  first  case,  the  welfare  issue  concerns  the  question  of  whether 
the  improved  productive  efficiency  that  is  possible  under  (regulated) 
monopoly  outweighs  (In  the  sense  of  producing  a higher  level  of 
social  welfare)  the  potential  loss  of  operating  efficiency  that 
reaulta  from  the  removal  of  effective  competition  in  the  firm's 
product  market.  In  the  second  case,  the  welfare  Issue  concerns 

the  question  of  whether  temporary  monopoly,  as  conferred  by  patents 
and  copyrights,  provides  an  Incentive  to  Innovate  that  causes 
(social)  benefits  to  be  generated  that  exceed  the  (social)  costs 
associated  with  having  temporarily  just  a single  producer  of  the 
new  product. 
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69.  For  example,  see  Galbraith,  The  New  Industrial  State;  op.  clt.. 
pp.  181-183;  Scherer,  Industrial  Market  Structure  and  Economic 
Performance,  op.  clt. . ch.  2;  and  P.A.  Samuelson,  Economics . 

9th  ed.  (McGraw-Hill;  New  York;  1973),  chs.  25-26. 

70.  See  Scherer,  Industrial  Market  Structure  and  Economic  Performance, 
op.  clt..  ch.  20,  and  Steiner,  op.  clt..  ch.  7. 

71.  The  classic  reference  Is  A.  Cournot,  Researches  Into  the  Mathematical 
Principles  of  the  Theory  of  Wealth  (first  published  In  1838), 
translated  by  N.T.  Bacon  (A.M.  Kelley;  New  York;  1960),  which 

also  represents  one  of  the  earliest  applications  of  mathematics  to 
economics.  A brief  history  of  the  development  of  duopoly  theory  Is 
given  In  J.R.  Hicks,  "Annual  Survey  of  Economic  Theory;  The 
Theory  of  Monopoly,"  Econometrlca  (vol.  3;  January  1935),  pp.  12-16. 
An  excellent  treatment  of  the  Cournot  model  Is  provided  In 
Intrlllgator,  op.  clt.,  pp.  205-213. 

72.  This  assumption  requires  that  the  factor  markets  be  perfectly 
competitive.  If  the  firms  are  able  to  Influence  Input  prices 
as  well  as  output  prices,  then  the  problem  must  be  reformulated 

to  take  this  Into  account.  See  Intrlllgator,  op.  clt. . pp.  205-208. 

73.  In  the  somewhat  more  general  version  of  the  model.  In  which  input 
prices  are  a function  of  the  combined  amounts  used  by  the  two 
firms,  there  would  also  be  a pair  of  conjectural  variations  for 
each  input,  which  would  be  given  Interpretations  similar  to  the 
Interpretations  given  to  dq2/dq^  and  dq^/dq2  • 

74.  Similarly,  the  second  order  conditions  would  be  of  the  same  form 
as  In  the  monopoly  case,  namely,  that^at  the  optimum  marginal 
revenue  must  be  increasing  less  rapidly  than  marginal  cost. 

75.  See  J.W.  Friedman,  "Reaction  Functions  and  the  Theory  of  Duopoly," 

Review  of  Economic  Studies  (vol.  35;  no.  3;  July  1968),  pp.  257- 

272,  and  Intrlllgator,  op.  clt.,  pp,  208-210.  See  also  the 

additional  references  listed  in  footnote  87. 

76.  The  details  of  the  calculations  are  the  following: 

’'l  “ - cqj^  - d 

^2  " ‘l2^*"**^*l'^2^^  - cq2  - d 
difj/dq^  - a - b(q^+q2)  - bq^  - c - 0 

dir2/dq2  "a  - b(qj^+q2)  - bq2  - c - 0 / **l“‘’2"  3b 

Zero  conjectural  variations  are  reflected  in  the  fact  that 
dq^/dq.  *0  in  the  calculation  of  dir^/dq.  , and  dq./dq.  - 0 
In^the^calculatlon  of  dir2/dq2  • 

77.  Sea  J.W.  Friedman,  op.  cit..  p.  259,  for  more  on  this  point.  A 
recent  paper  that  permits  learning  in  the  context  of  duopoly  is 
R.M.  Cyert  and  M.H.  0eGroot,'*An  Analysis  of  Cooperation  and 
Learning  in  a Duopoly  Context,"  American  Economic  Review  (vol.  63; 
no.  1;  March  1973),  pp.  24-37. 


462 


I 


( 


i 


I 

I 

4 

I 

1 

« 

1 

i 

■« 

I 


. V 

K 


78.  J.W.  Friedman,  op.  clt.,  p.  259.  See  also  W.  Fellner,  Competition 
Among  the  Few  (Alfred  A.  Knopf;  New  York;  1949),  p.  57,  for  a 
discussion  of  the  contradiction  implied  by  the  behavioral  assumption 
of  zero  conjectural  variations. 

79.  Ibid. . pp.  259-261.  As  Friedman  points  out,  the  Cournot  model 
shares  a limitation  common  to  all  traditional  models,  namely,  that 
the  Individual  firm  Is  assumed  to  maximize  single  period  profits. 

In  his  paper  Friedman  makes  the  duopollst  less  — to  use  his  words  — 
'short  sighted'  by  having  It  maximize  a discounted  stream  of 
profits. 


80.  H.  von  Stackelberg,  The  Theory  of  the  Market  Economy,  translated 
by  A.T.  Peacock  (Oxford  University  Press;  New  York;  1952). 


81. 


For  example.  In  the  linear  case  If  firm  2 Is  the  leader  and  firm  1 
Is  the  follower,  then 

a-c 

a-c 
2b  ’ 

from  which  It  follows  that 


dTTi/dqi  * a- b(qj^+q2^  ~ - c - 0 

dTi2/dq2  ■ a - b(qj+q2)  - bq2  + ^bq^  - c 


•l 

‘*2 


n. 


(a-c)' 

16b 


- d 


and 


(a-c)' 

8b 


- d 


as  compared  with  “ ’’^2  * d under  the  Cournot  solution. 

If  firm  1 Is  the  leader  and  firm  2 Is  the  follower,  the  results 
are  reversed. 


82.  diTj^/dqj^  - a- b(qj^+q2)  - bqj^  + Jjbqj^- c « 0 


dx 


2/dq2  - a-b(q^+q2) -bq2-*-*jbq2  - c - 


] ‘>1  - ** 

0 J - TT 


5b 

2 (a-c)' 
25b 


- d 


83.  An  alternative  explanation  of  this  situation  is  offered  in  the 
next  section  with  the  aid  of  game  theory.  Stated  briefly,  this 
situation  Illustrates  the  Prisoners'  Dilemma  game. 

84.  In  the  linear  case  considered  above,  conjectural  variations  In 
the  von  Stackelberg  analysis  are  either  0 or  -4  . 

85.  In  the  linear  case.  Joint  profit  tt  ir  can  be  maximized  even 
If  the  producers  act  Independently  of  one  another  provided 
dq./dq  > dq./dq,  * 1 , that  Is,  provided  each  producer  believes 
that  Its  rival  will  match  exactly  its  changes  In  output. 

86.  J.W.  Friedman,  op.  clt.,  pp.  259-261. 

87.  R.M.  Cyert  and  M.H.  DeCroot,  "Multiperiod  Decision  Models  with 
Alternating  Choice  as  a Solution  to  the  Duopoly  Problem," 
Quarterly  Journal  of  Economics  (vol.  84;  no.  3;  August  1970), 
pp.  4i&-42^,  and  J.W.  i^riedman,  op.  clt..  pp.  257-272,  treat 
duopoly  as  s multiperiod  maximization  problem.  Cyert  and  DeGroot, 
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An  Analysis  of  Cooperation  and  Learning  In  a Duopoly  Context. 
op.  dt..  pp.  24-37,  extends  the  results  of  the  two  earlier 
papers  by  permitting  the  duopollsts  to  alter  their  behavior  and 
their  strategies.  In  effect  permitting  duopollsts  to  undergo  a 
learning  process  through  time  that  leads  to  Increased  cooperation 
and  Increased  profits  for  both. 

J.W.  Friedman,  op.  clt. , p.  259,  elaborates  on  this  point. 

J.  von  Neumann  and  0.  Morgens ter.  Theory  of  Games  and  Economic 
Behavior.  2nd  ed  (Princeton  University  Press;  Princeton,  N.J.; 
1947).  See  also  M.  Shublk,  Strategy  and  Market  Structure. 
Competition.  Oligopoly  and  the  Theory  of  Games  (Wiley;  New  York; 
1959) , which  develops  a theory  of  games  of  economic  survival  that 
the  author  applies  to  oligopoly.  A convenient  summary  of  game 
theory  is  given  in  Intrlllgator,  op.  clt..  ch.  6. 

This  result  Is  known  as  the  mlnlmax  theorem  and  can  be  proved 
In  several  ways.  See  D.  Gale,  H.W.  Kuhn,  and  A.W.  Tucker, 

"Linear  Programming  and  the  Theory  of  Games,"  in  T.C.  Koopmans, 
ed..  Activity  Analysis  of  Production  and  Allocation.  Cowles 
Monograph  13  (Wiley;  New  York;  1951).  The  theorem  requires  that 
players  be  rational  In  the  sense  that  each  tries  to  maximize  the 
expected  value  of  its  payoffs.  Then  under  this  assumption  and  the 
two  assumptions  stated  In  the  text,  the  mlnlmax  theorem  asserts 
that  there  Is  a solution  In  the  sense  that  even  If  one  player 
knows  beforehand  that  the  other  player  will  use  Its  optimal 
strategy  — and  even  If  It  knows  what  that  other  player's  optimal 
strategy  Is  — the  first  player  cannot  Improve  its  position  by 
altering  Its  strategy  (In  the  case  of  mixed  strategies,  knowledge 
of  the  other  player's  optimal  probabilities  would  not  help  the 
first  player,  though,  of  course,  knowing  which  pure  strategy  was 
going  to  be  adopted  on  any  one  play  might  help  the  first  player. 

Two  exceptions  are  the  following:  if  the  firms  set  market  share  as 
the  sole  objective  or  If  the  firms  engage  In  games  of  ruin  with 
the  winner  enjoying  complete  control  of  the  market.  Neither 
situation  appears  to  be  comnon,  however.  See  Scherer,  Industrial 
Market  Structure  and  Economic  Performance,  op.  clt..  p.  141. 

Strategies  could  also  be  specified  In  terms  of  output  levels, 
or.  If  the  products  were  somehow  differentiated,  so  that  the 
producers  could  charge  different  prices,  the  strategies  could  be 
defined  in  terms  of  prices.  These  other  approaches  might  require 
that  more  than  two  strategies  be  specified. 

The  upper  left-hand  entry  is  the  Cournot  equilibrium  and  the 
lower  right-hand  entry  Is  the  von  Stackelberg  disequilibrium. 

The  various  expressions  for  each  firm’s  profit  level  in  each 
situation  arc  given  In  footnotes  81  and  82  above. 


94.  This  is  not  to  Imply  that  all  nonzero-sum  games  lead  to  the 
Prisoners'  Dilemma.  Rather,  it  is  merely  Intended  to  show  what 
can  happen  in  the  context  of  a nonzero  sum  game,  namely,  that  the 
strategies  the  ,wo  players  will  adopt  are  not  uniquely  determined, 
but  depend  on  additional  factors  not  Included  in  the  payoff  matrix. 
The  connections  between  duopoly  and  the  Prisoners'  Dilemma  are 
described  in  more  detail  in  F.T.  Dolbear,  et.  al. , "Collusion  in 
the  Prisoners'  Dilemma:  Number  of  Strategies,"  Journal  of  Conflict 
Resolution  (vol.  13;  June  1969),  pp.  252-261. 

95.  If  they  were  able  to  agree  to  maximize  joint  total  profit,  then 
they  would  earn  combined  profit  of  8600  , and  If  this  were 
divided  equally  between  them,  each  would  receive  4300  . In  the 
linear  case  It  is  easy  to  show  that  this  same  result  could  be 
achieved  if  each  conjectural  variation  were  equal  to  one. 

96.  Note  that  while  mlnimax  Is  an  unbeatable  strategy  for  zero-sum 
games,  it  does  not  necessarily  yield  the  optimal  strategy  in  the 
nonzero-sum  context.  In  figure  II-IO  the  mlnimax  strategy  for 
each  firm  is  to  act  as  a leader,  which  leads  to  lower  profit  for 
both  than  could  be  achieved  through  cooperation. 

97.  In  addition  to  direct  evidence  of  cooperative  behavior  in  the  real 
business  world  (for  example,  see  D.  McClintick,  "Gypsum  Trial 
Shows  How  Price-Fix  Plan  Supposedly  Operated,"  Wall  Street  Journal 
(October  3,  1975)),  t’.ere  Is  some  evidence  based  on  simulated 
oligopoly  games  played  by  humans  that  such  a learning  process  does 
take  place  and  that  over  time  the  players  adjust  their  behavior 
toward  the  cooperative  (l.e.  Joint  profit  maximizing)  solution. 

See  D.H.  Stern,  "Some  Notes  on  Oligopoly  Theory  and  Experiments", 
in  M.  Shubik,  ed. , Essays  in  Mathematical  Economics  (Princeton 
University  Press;  Princeton,  N.J.;  1967),  pp.  255-281. 

98.  As  with  these  other  analytical  approaches,  such  as  mathematical 
programming,  generally  applicable  characterizations  have  been 
forthcoming  only  In  the  limiting  cases  of  monopoly  and  perfect 
competition.  This  Is  not  meant  to  Imply  that  on  these  grounds  the 
game  theoretic  approach  should  be  eschewed.  Not  only  has  game 
theory  provided  useful  Insights,  but  the  work  of  Shubik  and  Dolbear 
et.  al.,  as  well  as  Harris  (see  Harris,  The  Hodem  Corporation  and 
Economic  Theory,  op.  cit. . pp.  283-304),  could  lead  to  further 
significant  developments.  Indeed,  Just  the  recognition  that 
behavioral  strategies  can  vary  under  oligopoly,  thereby  requiring 

a careful  analysis  of  any  particular  oligopolistic  situation  before 
outcomes  can  be  predicted.  Is,  in  the  opinion  of  this  writer, 
itself  a significant  step  forward. 

99.  For  example,  see  Galbraith.  The  New  Industrial  State,  op.  clt.. 
ch.  16. 

100.  Ibid. . p.  180. 
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101.  On  the  first  point,  while  it  is  recognized  that  these  firms 
enjoy  substantial  power,  this  power  is  not  without  limits,  as 
the  major  aluminum  producers  were  recently  forced  to  recognize. 

See  "The  price  war  in  aluminum,"  Business  Week  (November  17, 

1975)  and  J.W.  Winski,  "How  a Long  Price  War  Dragged  On  and 
Hurt  Chicago  Food  Chains,"  Wall  Street  Journal  (July  19,  1976). 

On  the  second  point,  there  has  been  much  debate  as  to  whether 
the  short  run  reactions  of  rivals  are  taken  into  account  or 
whether  producers  are  only  concerned  about  long  run  implications. 
Baumol  argues  that  firms  ignore  the  day-to-day  behavior  of  rivals 
and  consider  long  run  implications  only.  See  W.J.  Baumol, 

Business  Behavior,  Value  and  Growth,  op.  clt.,  pp.  27-33.  This 
writer  agrees  with  Baumol  for  the  reasons  that  are  discussed 
below  in  section  H.  Briefly,  the  time  and  expense  that  would  be 
required  to  consider  rivals'  reactions  on  a day-to-day  basis 
would  be  prohibitive,  and  such  expense  can  only  be  justified  on 
major  (long  run)  decisions  such  as  launching  a new  product  or 
constructing  a new  plant. 

102.  The  Cournot  analysis  is  easily  extended  to  n firms,  n > 2 , 

by  first  setting  up  the  n profit  equations,  then  by  asa’iicing 
zero  conjectural  variations  for  all  firms  and  dif fej'entiating 
each  profit  equation  with  respect  to  each  firm's  level  of  output, 
and  finally  by  solving  the  resulting  n equations  in  n 
unknowns.  For  example,  if  there  are  n firms,  each  with  cost 
function  given  by  (53),  and  Ifnthe  market  demand  function  is 
linear  as  in  (54),  but  with  q in  place  of 

the  profit  maximizing  firms  will  each  produce 
q » ■ *1? \i.  units  of  output.  Similarly,  the  von  Stackelberg 
^ analysis  could  be  generalized  by  allowing  for 
various  combinations  of  leaders  and  followers. 

103.  One  of  the  classic  works  in  this  regard  is  Fellner's  model,  which 
followed  along  the  lines  originally  suggested  by  E.H.  Chamberlin, 
who,  though  he  did  not  fully  develop  a theory  of  oligopoly  in  his 
classic  The  Theory  of  Monopolistic  Competition,  did  recognize 
and  appreciate  the  role  of  oligopolistic  interdependence  and 

who  did  suggest  oligopoly  as  a separate  significant  type  of 
market  structure.  See  E.H.  Chamberlin,  The  Theory  of  Monopolistic 
Competition.  8th  ed.  (Harvard  University  Press;  Cambridge, 

Mass.;  1962),  ch.  3.  Fellner  suggests  that  an  oligopolistic 
group  will  attempt  to  maximize  their  joint  profit,  but  that,  due 
to  each  oligopolist's  unwillingness  to  surrender  complete 
sovereignty  for  the  sake  of  joint  profit  maximization,  the  con- 
flicting motives  of  group  members  will  inhibit  this  collective 
effort.  Fellner,  op.  cit.  The  difficulty  of  maintaining  collusive 
agreements  is  also  discussed  in  G.J.  Stigler,  "A  Theory  of 
Oligopoly,"  Journal  of  Political  Economy  (vol.  72;  no.  1; 

February  1964),  pp.  44-61,  reprinted  under  the  same  title  in 
G.J.  Stigler,  The  Organization  of  Industry  (Irwin;  Homewood, 

111.;  1968),  ch.  5,  in  which  the  Importance  of  the  number  of 
buyers  is  brought  out.  Other  noteworthy  approaches  to  modeling 
oligopolistic  behavior  include  'dominant  firm'  price  leadership. 
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In  which  the  price  leader  alters  the  price  when  It  Judges  the 
climate  to  be  right  (see  J.W.  Markham,  "The  Nature  and  Signif- 
icance of  Price  Leadership,"  American  Economic  Review  (vol.  41; 
no.  5;  December  1951),  pp.  891-905);  ’barometric'  price  leader- 
ship, In  which  the  price  leader  adjusts  price  when  It  considers 
the  climate  to  be  right  and  In  which  Its  competitors  signal  their 
approval  or  disapproval  by  following  or  not  following,  respectively 
(see  G.J.  Stlgler,  "The  Kinky  Oligopoly  Demand  Curve  and  Rigid 
Prices,"  Journal  of  Political  Economy  (vol.  55;  no.  5;  October 
1947),  pp.  432-449,  reprinted  under  the  same  title  In  G.J.  Stlgler, 
The  Organization  of  Industry,  ch.  18);  ’limit'  pricing.  In  which 
prices  are  set  just  low  enough  to  discourage  potential  entrants 
from  entering  the  Industry  (see  J.S.  Bain,  "A  Note  on  Pricing  In 
Monopoly  and  Oligopoly,"  American  Economic  Review  (vol.  39;  no.  2; 
March  1949),  pp.  448-464,  and  P.  Sylos-Lablnl,  Oligopoly  and 
Technical  Progress,  rev.  ed.  (Harvard  University  Press;  Cambridge, 
Mass.;  1969));  and  the  Independent  maximization  model,  which  Is  a 
variant  of  the  limit  pricing  model  (see  D.A.  Worcester,  Jr. , 
Monopoly.  Big  Business  and  Welfare  In  the  Post-war  United  States 
(University  of  Washington  Press;  Seattle;  1967),  pp.  83-105).  In 
addition,  there  are  several  game  theoretic  approaches,  such  as 
M.  Shublk,  op.  clt.,  and  an  experimental  games  approach  adopted 
by  Sherman.  For  the  latter  see  R.  Sherman,  Oligopoly;  An  Empirical 
Approach  (D.C.  Heath;  Lexington,  Mass.;  1972).  To  say  that  no 
single  model  has  gained  universal  acceptance  would  be  more  than 
a mild  understatement.  Moreover,  It  Is  not  clear  whether  one  all- 
encompassing  model  can  ever  be  devised. 

The  kinked  demand  curve  model  treats  the  Individual  participant 
In  an  oligopolistic  Industry  In  Isolation.  Several  models  that 
purport  to  describe  Interflrm  behavior  should  be  noted.  In 
addition  to  the  game  theoretic  approaches  of  Shublk,  Marrls,  and 
others  (Shublk,  op.  clt.,  and  Marrls,  Modem  Corporation  and 
Economic  Theory,  op.  clt.,  pp.  283-304),  Phillips  and  O.E. 

Williamson  model  Interflrm  behavior  In  oligopolistic  Industries 
around  organizational  as  well  as  economic  variables.  See  A. 
Phillips,  "A  Theory  of  Interflrm  Organization,"  Quarterly  Journal 
of  Economics  (vol.  74;  no.  4;  November  1960),  pp.  602-613; 

A.  Phillips,  "Policy  Implications  of  the  Theory  of  Interflrm 
Organization,"  American  Economic  Review  (vol.  51;  no.  2;  May  1961), 
pp.  245-254;  A.  Phillips,  Market  Structure.  Organization,  and 
Performance  (Harvard  University  Press;  Cambridge,  Mass.;  1962); 
and  O.E.  Williamson,  "A  Dynamic  Theory  of  Interflrm  Behavior," 
Quarterly  Journal  of  Economics  (vol.  79;  no.  4;  November  1965), 
pp.  579-607.  Phillips  treats  a wider  range  of  oligopolistic 
behavior  than  Williamson,  though  within  a static  framework. 
Williamson’s  model  Is  dynamic  and  examines  a widely  observed  pattern 
of  oligopolistic  behavior,  namely,  alternating  periods  of  collusive- 
ness and  competitiveness  on  the  part  of  oligopolistic  firms.  See 
also  K.E.  Bouldlng,  "The  Uses  of  Price  Theory,"  In  A.R.  Oxenfeldt, 
ed..  Models  of  Markets  (Columbia  University  Press;  New  York;  1963), 
pp.  146-162;  Fellner,  op.  clt.;  C.  Kaysen,  "A  Dynamic  Aspect  of  the 
Monopoly  Problem,"  Review  of  Economics  and  Statistics  (vol.  31; 

' ( no.  2;  May  1949),  pp.  109-113;  and  J.S.  Bain,  Industrial  Organlza- 

I tlon,  op.  clt.,  pp.  309-310. 
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The  first  discussions  of  the  kinked  oligopoly  demand  curve 
appeared  in  P.M.  Sweezy,  "Demand  under  Conditions  of  Oligopoly," 
Journal  of  Political  Economy  (vol.  47;  no.  4;  August  1939), 
pp.  568-573,  and  R.L.  Hall  and  C.J.  Hitch,  "Price  Theory  and 
Business  Behavior,"  Oxford  Economic  Papers  (vol.  2;  May  1939), 
pp.  12-45.  A more  recent  (and  critical)  discussion  of  the  model 
is  provided  by  Stigler,  The  Kinky  Oligopoly  Demand  Curve,  op.  cit. 

105.  Let  the  equation  of  DD  be  p *>  - b^^q  and  let  the  equation 

of  dd  be  p ■ 32  - b2q  , where  the  and  b 's  are  positive 

and  a.  > 32  and  b^  ^ **2  *d  marginal  revenue  corresponding 

to  DD^  is  given  by  * dq^®l  ~ * ^1  ” 

similarly,  “ ®2  ” ^^2^  ' 9*  » intersect, 

so  that  a - B^q*  • . Thus,  at  q*  there  is  a Jump 

discontinuity  or  height  MR^^(q*)  - MRpp(q*)  » (Sj  - 2b2q*) 

- (a^  - 2b^q*)  ■ (b^  - b2)q*  > 0 . 

106.  See  R.M.  Cyert,  "Oligopoly  Price  Behavior  and  the  Business  Cycle," 
Journal  of  Political  Economy  (vol.  63;  no.  1;  February  1955), 

pp.  41-51;  and  W.J.  Yordon,  "Industrial  Concentration  and  Price 
Flexibility  in  Inflation:  Price  Response  Rates  in  Fourteen 
Industries,  1947-1958,"  Review  of  Economics  and  Statistics  (vol. 

43;  no.  3;  August  1961),  pp.  287-294.  For  supporting  evidence 
on  the  English  experience,  see  R.R.  Neild,  Pricing  and  Employment 
In  the  Trade  Cycle,  N.I.E.S.R.  Occasional  Paper  21  (Cambridge 
University  Press;  Cambridge;  1963).  For  somewhat  contradictory 
results  see  A.D.  Brownlie,  "Some  Econometrics  of  Price 
Determination,"  Journal  of  Industrial  Economics  (vol.  13;  no.  2; 
March  1965),  pp.  116-121. 

107.  Stigler,  The  Kinky  Oligopoly  Demand  Curve,  op.  cit.,  pp.  438- 
441.  While  S'-igler's  empirical  results  do  not  constitute  a 
general  disproof  of  the  kinked  oligopoly  demand  curve  theory, 
they  do  imply  that  it  cannot  serve  as  a general  theory  of 
oligopoly.  See  also  Cohen  and  Cyert,  op.  cit..  p.  251,  on  this 
point. 

108.  Two  cases  in  which  it  might  prove  acceptable  have  been  suggested 
by  Cohen  and  Cyert:  (1)  a new  Industry  in  its  early  stages  of 
development  and  (il)  an  older  Industry  in  which  new  and  previously 
unrecognized  rivals  enter  the  market.  In  both  cases  existing 
producers  will  have  had  little  opportunity  to  learn  about  their 
new  competitors  and  how  they  are  likely  to  react.  Ibid. , 

pp.  251-253. 

109.  The  theory  of  monopolistic  competition  has  its  genesis  in  the 
works  of  Sraffa,  Joan  Robinson,  and  Chamberlin.  See  P.  Sraffa, 

"The  Laws  of  Returns  <under  Competitive  Conditions,"  Economic 
Journal  (vol.  36;  no,  144;  December  1926),  pp.  535-550.  Sraffa's 
work  helped  inspire  Mrs.  Robinson's  The  Economics  of  Imperfect 
Competition.  (Macmillan;  London;  1933).  The  same  year  that  Mrs. 
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Robinson's  book  was  published,  E.H.  Chamberlin  published  the 
first  edition  of  The  Theory  of  Monopolistic  Competition,  op.  citj. 
The  works  of  Mrs.  Robinson  and  Chamberlin  were  responsible  for 
freeing  the  analysis  of  markets  from  the  two  extremes  of  monopoly 
and  perfect  competition.  Where  Chamberlin's  work  differed  from 
Mrs.  Robinson's  was  the  former's  emphasis  on  product  differen- 
tiation and  its  Important  Implications  for  public  policy.  See 
E.H.  Chamberlin,  Towards  A More  General  Theory  of  Value  (Oxford 
University  Press;  Oxford;  1957),  ch.  5,  for  further  discussion 
on  this  issue,  and  J.'i.  Bain,  "Chamberlin's  Impact  on  microeconomic 
theory,"  in  R.E.  Kuenne,  ed..  Monopolistic  Cosyetition  Theory;, 
Studies  in  Impact  (Wiley;  New  York;  1967),  pp.  1A7-176,  for  an 
assessment  of  the  importance  of  Chamberlin's  contribution.  A 
somewhat  more  critical  view  of  Chamberlin's  model  and  its  impli- 
cations is  presented  in  G.C.  Archibald,  "Chamberlin  versus  Chicago," 
Review  of  Economic  Studies  (vol.  29;  October  1961),  pp.  2-28. 

The  question  of  the  optimality  of  product  differentiation,  and 
conditions  under  which  product  differentiation  can  be  regarded  as 
excessive  (i.e.  beyond  the  socially  optimal  degree  of  product 
differentiation),  are  discussed  in  K.  Lancaster,  "Socially 
Optimal  Product  Differentiation,"  American  Economic  Review  (vol. 

65;  no.  4;  September  1975),  pp.  567-585. 

110.  As  before,  the  second  order  condition  requires  that  MC  be 
rising  faster  than  MR  at  the  optimum. 

111.  Since  the  n firms  have,  by  assumption,  identical  revenue 
functions  and  identical  cost  functions,  they  can  be  treated  as 

if  they  were  Identical,  and  each  firm's  pro  rata  share  of  overall 
demand  is  1/n  . 

112.  The  demand  curves  dd  and  DD  in  figure  11-12  are  analogous  to 
dd  and  DD  , respectively,  in  figure  11-11.  The  two  sets  of 
curves  are  not  identical,  however,  because  of  the  different 
behavioral  assumptions  underlying  each  figure. 

113.  Chamberlin,  Theory  of  Monopolistic  Competition,  op.  cit. , p.  81. 

114.  G.J.  Stlgler,  "Monopolistic  Competition  in  Retrospect,"  in 
G.J.  Stlgler,  Five  Lectures  on  Economic  Problems  (London  School 

of  Economics;  London;  1949),  reprinted  in  Stlgler,  The  Organ! aation 
of  Industry,  pp.  309-321. 

115.  Chai^erlln,  Theory  of  Monopolistic  Cragetition.  op.  cit.,  p.  82. 

116.  Stlgler,  The  Organiaetion  of  Industry,  p.  313. 

117.  Galbraith,  The  New  Industrial  State,  op.  cit.,  pp.  179-180. 

118.  See  A.  Henderson,  "The  Theory  of  Duopoly,"  Quarterly  Journal  of 
Economics  (vol.  68;  no.  4;  November  1954),  p.  565. Though  the 
source  is  not  current,  its  beslc  points,  in  the  opinion  of  this 
writer,  ere  still  velid. 
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119.  For  exaaple,  see  K.W.  Rothschild,  "Price  Theory  and  Oligopoly," 
Economic  Journal  (vol.  57;  no.  227;  Septeiri>er  1947),  pp.  299- 
320,  and  J.  Llntner,  Corporate  Growth  under  Uncertainty,  pp.  172- 
173. 

120.  Machlup,  op.  clt..  p.  23;  and  Sllberston,  op.  clt.,  pp.  530-533. 

121.  The  rate  of  discount,  P , measures  the  rate  at  which  the  firm  Is 
willing  to  trade  off  a dollar  of  profit  this  period  for  profits 
next  period.  As  such.  It  Is  an  Interest  rate,  or  equivalently, 
the  price  of  waiting  (for  future  profits).  More  specifically, 
according  to  formula  (60) , a dollar  of  profit  earned  In  any 
period  t has  the  same  value  to  the  firm  as  1-fp  dollars  of 
profit  earned  In  period  t+1  , or  equivalently,  the  firm  Is 
willing  to  sacrifice  one  dollar  of  profit  this  period  only  If 

by  doing  so  It  can  Increase  next  period's  profit  by  (isore  than) 

1+p  dollars.  A higher  value  for  p Implies  a greater  preference 
for  profit  this  period  rather  than  next,  l.e.  the  sacrificing 
of  profits  this  period  requires  the  prospect  of  relatively  greater 
future  profit  the  greater  Is  the  value  of  p . 

122.  If  Instead,  continuous  compounding  (as  opposed  to  annual  compounding) 
were  used,  then 


V - / TT  e *^^dt  ■ / TT  e*^e"^^dt  ■ /it  e~^^*^^dt  - — ^ 

0 0 ° 0 ° 

again  provided  g < p ; and  if  g - 0 , then  V - ir  /p  . This 
(continuous)  model  of  security  valuation  was  orlglnSlly  proposed 
by  Gordon  and  Shapiro.  See  M.J.  Gordon  and  E.  Shapiro,  "Capital 
Equipment  Analysis:  The  Required  Rate  of  Profit."  Management 
Science  (vol.  3;  no.  1;  October  1956),  pp.  102-110.  Thus,  In  the 
continuous  case,  formula  (61)  must  be  modified  slightly,  but 
formula  (62)  holds  exactly  (with  continuously  compounded  rates 
In  place  of  annually  compounded  ones). 

123.  In  terms  of  formulae  (61)  and  (62),  this  means  that  p > 0 ; the 

firm  will  give  up  one  dollar  of  current  period  profit  only  If 
offered  the  prospect  of  at  least  dollars  of  profit  one 

period  from  now. 

124.  The  trade  off  depends,  of  course,  on  the  vslue  of  p . A low 
discount  rate  Implies  a relatively  low  time  preference  for 
profit,  l.e.  the  firm  would  be  alMst  as  happy  with  one  dollar  of 
profit  ten  years  from  now  ss  it  would  with  one  dollar  of  profit 
today.  A high  discount  rate  implies  a relatively  high  time 
Pfoforsncc  for  profit,  and  in  the  extreme  case  of  p * » , the 
firm  would  engage  In  short  run  (l.e.  current  period)  profit 
■exlmlsatlon.  If,  as  Rothschild  and  Galbraith  have  suggested, 
large  firms  arc  mainly  interested  In  their  long  run  survival 
(see  K.W.  Rothschild,  "Price  Theory  end  Oligopoly."  Economic 
Journal  (vol.  57;  no.  227;  Septeirijer  1947),  pp.  299-320,  and 
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Galbraith,  op.  cit..  p.  171,),  than  ceteria  paribus  one  would 
expect  larger  firms  to  have  lower  discount  rates  than  smaller 
flrma. 

125.  For  this  reason,  what  appears  to  be  'satisficing'  behavior  may 
In  actuality  be  perfectly  consistent  with  long  run  profit 
maximization.  See  Sllberston,  op.  clt. . pp.  530-533. 

126.  Capital  markets  are  said  to  be  perfect  when  (1)  all  assets  and 
goods  are  Infinitely  divisible;  (11)  Information  Is  costless  and 
available  on  the  same  basis  to  everyone;  (111)  there  are  no 
brokerage  fees  or  transactions  costs  of  any  kind;  (Iv)  there  are 
no  taxes;  (v)  all  Individuals  pay  the  same  price  for  any 
particular  asset;  and  (vl)  no  Individual  Is  wealthy  enough  and 
no  firm  Is  large  enough  to  Influence  the  market  price  of  any 
asset.  In  perfect  capital  markets  all  firms  and  all  Individuals 
act  as  price  takers.  See  E.F.  Fama  and  M.H.  Miller,  The  Theory 
of  Finance  (Holt,  Rinehart  and  Winston,  New  York;  1972),  p.  277, 
or  M.H.  Miller  and  F.  Modigliani,  "Dividend  Policy,  Growth,  and 
the  Valuation  of  Shares,"  Journal  of  Business  (vol.  34;  no.  4; 
October  1961),  p.  412.  As  will  be  shown  below  In  section  R,  the 
Irrelevancy  of  the  debt-equity  mix  also  requires  that  one  addi- 
tional condition  be  satisfied,  namely,  that  the  capital  markets, 
l.e.  the  markets  for  stocks,  for  bonds,  and  for  other  financial 
securities,  be  complete  with  regard  to  the  possible  states  of 
nature  In  each  future  time  period.  The  explanation  of  the  exact 
meaning  of  'complete  markets'  Is  deferred  to  section  K,  where  the 
appropriate  conceptual  framework  Is  developed. 

127.  Modigliani  and  Miller,  op.  clt..  pp.  261-296.  Simpler  expositions 
can  be  found  In  Mossln,  op.  clt. . pp.  76-78,  86-89,  and  In  G.C. 
Phlllppatos,  Financial  Management;  Theory  and  Techniques  (Holden- 
Day;  San  Francisco;  1973),  pp.  292-296. 

128.  Modigliani  and  Miller  divide  firms  Into  risk  classes,  and  for 
each  firm,  p In  formula  (62)  Is  the  discount  rate  appropriate 
to  the  particular  risk  class  to  which  the  firm  belongs.  Ibid. . 
pp.  266-267. 

129.  Ibid. . p.  267. 

130.  The  Importance  of  capital  markets  being  In  equilibrium  In  order 
that  formula  (62)  express  the  market  value  of  the  firm  exactly 
In  terms  of  the  discounted  flow  of  future  profits  needs  emphasis. 
Formula  (62)  and  the  Modigliani  and  Miller  results  are  equili- 
brium results;  that  is,  they  hold  in  equilibrium  (provided  the 
required  assumptions  are  satisfied),  but  in  disequilibrium  there 
Is  no  longer  any  assurance  that  they  will  hold. 

131.  The  reason  for  this  qualification  Is  that  the  total  markat  value 
of  the  firm  will  equal  the  discounted  flow  of  profits  as  a con- 
sequence of  general  equilibrium  in  the  capital  markets.  In  the 
context  of  msrkets  for  the  financial  securities  of  all  firms,  the 
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expression  'maxiaize  the  total  market  value  of  the  fira'  only 
makes  sense  when  either  (1)  the  decisions  of  sll  other  firms  are 
taken  as  given  or  (ii)  the  aaxialzatlon  takes  place  relative  to 
some  index  that  reflects  the  market  value  of  the  shares  of  all 
firms.  Most  of  the  models  that  are  discussed  below  take  the 
first  approach,  l.e.  they  are  partial  equilibrium  models.  The 
second  approach  is  discussed  in  Leland,  Production  Theory  and  the 
Stock  Market,  op.  cit..  pp.  136-138. 

132.  A capital  gain  is  realized  %fhen  a share  is  sold  for  more  than 

the  purchase  price,  while  a capital  loss  results  when  the  purchase 
price  exceeds  the  selling  price.  Investor  interest  in  capital 
gains  is  motivated  by  the  differential  tax  treatment  accorded 
long  term  capital  gains  (long  term  iisplying  that  the  asset  was 
held  for  at  least  nine  months).  However,  due  to  the  complexities 
associated  with  tax  considerations,  in  what  follows  the  role  of 
income  taxes  will  be  Ignored. 

133.  J.  Lintner,  "The  Cost  of  Capital  and  Optimal  Financing  of 
Corporate  Growth,"  Journal  of  Finance  (vol.  18;  no.  2;  May 
1963),  p.  292. 

134.  See  footnote  126  for  the  definition  of  a perfect  market.  See 
also  Fama  and  Miller,  op.  cit.,  pp.  176-187,  300-301.  Of 
necessity  each  firm  must  act  as  a price  taker  in  the  capital 
markets.  See  Mossin,  Theory  of  Financial  Markets,  op.  cit.. 

pp.  154-155.  In  a world  of  uncertainty  the  objective  of  maximizing 
the  current  market  value  of  the  firm  must  be  modified.  Lintner 
suggests  maximizing  the  expected  current  value  of  equity,  given 
(or  relative  to)  the  level  of  some  stock  market  index  (e.g. 

Standard  and  Poor's  or  the  Dow  Jones  Index).  See  J.  Lintner, 
"Optimal  Dividends  and  Corporate  Growth  under  Uncertainty," 
Quarterly  Journal  of  Economics  (vol.  78;  no.  1;  February  1964), 
pp.  49-50.  This  modification  alone  is  insufficient,  for  as 
Stiglltz,  Jensen  and  Long,  and  Fama  have  shown,  the  stock  market 
generally  doss  not  produce  a Pareto  optimal  allocation  of  invest- 
ment under  the  assmptlon  that  all  firms  maximize  market  value. 

See  J.  Stiglltz,  "On  the  Optimality  of  the  Stock  Market  Alloca- 
tion of  Investment,"  Quarterly  Jounial  of  Economics  (vol.  86; 
no.  1;  February  1972),  pp.  25-60;  M.  Jensen  and  J.  Long,  "Corporate 
Investment  under  Uncertainty  and  Pareto  Optimality  in  the  Capital 
Markets,"  Bell  Journal  of  Economics  snd  Management  Science 
(vol.  3;  no.  1;  Spring  1972),  pp.  151-174;  b7f.  Fama,  ^'Perfect 
Competition  and  Optimal  Production  Decisions  under  Uncertsinty," 
Bell  Journal  of  Economics  snd  Management  Science  (vol.  3;  no.  2; 
Autumn  1972),  pp.  509-530.  Vllson^ttsed  a variant  of  Stiglltz'a 
model  to  show  that* unless  certain  assumptions  are  satisfied, 
every  stockholder  would  reconmsnd  production  decisions  that  do 
not  maximize  the  market  value  of  shares.  See  R.  Wilson,  "Comment 
on  J.  Stiglltz,  'On  the  Optimality  of  Stock  Market  Allocation  of 
Investment',”  Working  Paper  No.  8 (Institute  for  Mathematical 
Studies  in  the  Social  Sciences,  Stanford  University;  Stanford, 
Calif.;  1972).  LeRoy  has  shown  that  Stiglltz  implicitly  assumsd 
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an  envlronownt  of  aonopollstlc  conpetltlon  and  Wilson  and  Leland 
have  shown  that,  in  such  an  environment.  If  firms  choose  the 
level  of  Invebtfflent  so  that  shareholder  utility  Is  maximized, 
the  resulting  allocation  of  resources  will  be  Pareto  optimal  from 
the  point  of  view  of  the  shareholders,  though  stock  market  values 
will  not  be  maximized.  See  S.F.  LeRoy,  "Stock  Market  Optimality: 
Comment",  Quarterly  Journal  of  Economics  (vol.  90;  no.  1; 

February,  1976),  pp.  150-155;  Wilson,  op.  clt.;  and  Leland, 
op.  clt..  pp.  125-144.  Ks  Wilson  and  Leland  conclude,  "what 
Stiglltz  brings  Into  quest.lon  Is  not  the  Pareto  optimality  of 
the  stock  market,  but  rather  the  value  maximization  criterion." 
Ibid. . p.  137.  Market  value  maximization  Implies  a Pareto 
optimal  allocation  of  Investment  — In  the  sense  that  no  subsequent 
reallocation  could  make  some  share  owner  better  off  (l.e.  Increase 
his  expected  utility)  without  making  another  worse  off  (l.e. 
lowering  someone  else's  expected  utility)  — provided  there  Is 
perfect  competition,  l.e.  provided  firms  In  the  same  Industry 
have  perfectly  correlated  returns  and  provided  each  firm  maxi- 
mizes Its  relative  value  but  considers  the  values  of  the  other 
firms  as  given.  A stronger  condition  for  the  Pareto  optimality 
of  the  stock  market  allocation  of  Investment  Is  the  requirement 
that  markets  be  complete.  See  K.J.  Arrow,  "The  Role  of  Securities 
In  the  Optimal  Allocation  of  Risk- Bearing,"  Review  of  Economic 
Studies  (vol.  31;  no.  86;  April  1964),  pp.  91-96;  and  G.  Debreu, 
The  Theory  of  Value  (Wiley;  New  York;  1959).  Diamond,  who  assumed 
a perfectly  competitive  environment  in  the  sense  described  above, 
showed  that  even  If  there  are  fewer  firms  than  states  of  nature 
(see  section  K below) , stock  market  value  maximization  leads  to  a 
"constrained  Pareto-optimal  resource  allocation."  See  P.A. 
Diamond,  "The  Role  of  a Stock  Market  In  a General  Equilibrium 
Model  with  Technological  Uncertainty,"  American  Economic  Review 
(vol.  57;  no.  4;  September  1967),  pp.  759-776.  The  results 
obtained  by  Diamond  are  consistent  with  those  of  Leland.  See 
Leland,  op.  clt.  To  suimnarlze,  then,  stock  market  value  maximi- 
zation is  consistent  (1)  with  the  utility  maximization  of  share- 
holders In  a certain  environment  provided  markets  are  perfect 
and  (11)  with  the  expected  utility  maximization  of  shareholders 
(In  the  Pareto  optimal  sense  defined  above)  in  an  uncertain 
environment  provided  markets  are  perfect  and  complete  (and  It 
Is  noted  that.  In  light  of  the  Leland  and  Diamond  papers,  the 
requirement  that  markets  be  complete  can  be  relaxed  somewhat). 


Note  that  the  objective  of  maximizing  the  stock  market  value  of 
the  firm  Is  analogous  to  the  static  objective  of  profit  maximiza- 
tion In  that  both  objective  functions  imply  the  optimization  of 
the  economic  position  of  the  firm's  owners.  If  the  firm  Is  run 
by  an  entrepreneur  who  receives  total  profit  as  Its  Income,  then 
maximizing  total  profit  laada  to  maximum  utility,  provided  of 
course  that  Its  marginal  utility  of  Income  la  always  positive. 

In  a dynamic  context,  the  rational  entrepreneur  would,  subject 
to  the  qualifications  dlscuasad  In  the  previous  footnote,  maximize 
the  total  market  value  of  the  firm  (l.e.  tha  entrepreneur 'a  current 
wealth) . But  where  control  and  ownership  are  separate,  optimizing  the 


economic  position  of  the  owners  Involves  maximizing  the  stock 
market  value  of  their  shares  (once  aga^n,  subject  to  the 
qualifications  stated  In  the  previous  footnote).  See  also 
J.  Hossln,  "Security  Pricing  and  Investment  Criteria  In  Competl' 
tlve  Markets,"  American  Economic  Havlew  (vol.  59;  no.  5; 
December  1969),  p.  749. 


136.  See  for  example  Llntner,  Corporate  Growth  under  Uncertalnt; 
op.  clt.,  pp.  181-187. 


See  for  example  Wong,  op.  clt. . or  Krouse,  op.  clt.  Vickers  adopts 
a similar  objective  function.  In  the  Vickers's  model  the  firm 
optimizes  the  economic  position  of  the  owners  of  the  firm  by 
maximizing  the  stock  market  value  of  the  firm,  which  Vickers 
expresses  as  the  "capitalized  value  of  the  residual  equity 
Income."  See  Vickers,  op.  clt..  pp.  8,  162-169. 


138.  See  Phlllppatos,  op.  clt.,  ch.  13,  for  a discussion  of  some  of 
the  existing  share  valuation  formulas  and  Miller  and  Modigliani, 
op.  clt..  pp.  415-421,  for  a discussion  of  some  of  the  existing 
approaches  to  determining  the  stock  market  value  of  the  firm. 

The  valiutlon  formulas  are  based  on  present  value  calculations 
like  those  on  which  formulas  (60),  (61),  and  (62)  are  based. 

For  example,  substituting  the  dividends  that  will  accrue  In  the 
future  to  shares  currently  outstanding  for  ir  In  formula  (60) 
and  letting  p be  the  appropriate  discount  rite,  yields  a 
formula  for  the  market  value  of  a share  In  terms  of  the  future 
stream  of  dividends. 


where  P Is  the  share  price  and  D are  the  dividends  accruing 
at  time  t to  shares  currently  outstanding.  The  expression  (*) 
simplifies  to 

D„(l+g) 


If  dividends  per  share  are  Initially  and  are  growing  at 

rate  g . 


Miller  and  Modigliani  showed  thst.  In  a certain  world  with  perfect 
capital  markets,  the  discounted  cash  flow,  the  current  earnings 
plus  Investment  opportunities,  the  stream  of  dividends,  and  the 
stream  of  earnings  approaches  to  share  valuation,  are  all  equiva- 
lent and  that  all  are  derived  from  the  fundamental  principle  of 
share  valuation  (which  characterizes  general  equilibrium  In  the 
capital  markets)  that  "the  price  of  each  share  must  be  such  that 
the  rate  of  return  (dividends  plus  capital  gains  per  dollar 
Invested)  on  every  share  will  be  the  same  throughout  the  market 
over  any  given  Interval  of  time,"  provided  of  course  that  the 
approaches  are  adopted  correctly  and  that  the  extreme  case  of  a 
company  being  expected  to  never  pay  a dividend  be  excluded  (for 


in  that  special  case  the  strean  of  dividends  approach  yields 
a share  value  of  zero  while  the  other  approaches  do  not) . Ibid. , 
pp.  412-421.  Hence  some  of  these  alternative  formulations  are 
different  in  form  only.  To  quote  Myers  on  the  subject  of  share 
valuation:  "Alternative  forms  . . . are  often  seen  . . . Given  a 
little  algebraic  ingenuity,  the  possible  formats  are  endless. 
Consequently,  it  is  pointless  to  say  that  any  particular  simpli- 
fication is  the  correct  way  to  represent  present  value."  S.C. 

Myers,  "A  Time-State-Preference  Model  of  Security  Valuation," 
Journal  of  Financial  and  Quantitative  Analysis  (vol.  3;  no.  1; 

March  1968),  p.  20. 

140.  More  generally,  the  two  approaches  are  equivalent  even  when  new 
equity  issues  are  permitted,  provided  that  there. is  perfect 
certainty  and  capital  markets  are  perfect.  This  follows  from 
Miller's  and  Modigliani's  proof  that  in  such  an  environment  the 
firm's  dividend  policy  is  Irrelevant.  That  is,  given  the  firm’s 
investment  policy,  whether  the  firm  generates  the  needed  finance 
internally  or  raises  it  externally  through  new  equity  issues  is 
immaterial,  and  maximizing  the  share  price  leads  to  the  same 
result  as  maximizing  the  market  value  of  the  firm's  equity. 

Ibid. . pp.  412-415.  It  needs  to  be  emphasized,  however,  that 

only  if  markets  are  perfect  will  share  owners  be  able  to  "correctly" 
comprehend  the  meaning  of  new  share  Issues,  and  only  then  can  the 
firm's  method  of  raising  finance  with  which  to  carry  out  the 
Investment  policy  be  Irrelevant.  Since  in  a certain  world  the 
distinction  between  debt  and  equity  is  Irrelevant,  the  objective 
of  maximizing  the  total  market  value  of  the  firm  can  be  re- 
expressed without  loss  of  generality  as  maximizing  the  stock 
market  value  of  the  firm.  Ibid. . p.  412.  When  uncertainty  is 
Introduced,  stronger  conditions,  such  as  the  existence  of  complete 
markets,  are  needed.  See  Fame  and  Miller,  op.  cit.,  pp.  178-181. 

141.  Some  conditions  under  which  various  pairs  of  objectives  are 

interchangeable  have  been  noted  earlier  in  the  subsection.  To 
see  why  conditions  (l)-(ill)  make  the  four  objectives  inter- 
changeable, note  that,  by  condition  (1),  each  term  ir  in  the 

numerator  of  formula  (60)  is  independent  of  every  other  term.  By 

(li)  there  is  a single  riskless  interest  rate  at  which  all  indi- 
vidual companies  and  all  individuals  can  borrow  or  lend  freely. 

Thus  p <■  1 = constant  in  formula  (60).  Therefore,  maxlizlzing 

each  ir  individually  is  equivalent  to  maximizing  V . By  (iii) 

the  distinction  between  debt  and  equity  is  Irrelevant  (since 
perfect  certainty  Implies  complete  assurance  on  the  part  of  every 
investor  as  to  each  firm's  future  investment  programs  and  future 
profit  levels)  so  that  maximizing  the  atock  market  value  of  the 
firm  is  formally  equivalent  to  maximizing  the  total  market  valiM 
of  the  firm.  By  (il)  and  (iii)  and  the  Mlller-Modigllanl  theorem 
on  the  Irrelevance  of  the  firm's  dividend  policy,  maximizing  the 
share  value  is  interchangeable  with  the  other  three  objectives. 

The  Interchangeability  does  not  necessarily  hold  when  uncertelnty 
is  introduced,  for  uncer  uncertainty  the  firm  may,  by  holding  down 
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profit  one  period,  reduce  Che  variability  In  profit  over  Clae  and 
thereby  reduce  p sufficiently  to  cause  V Co  rise.  Even  when 
markets  are  complete,  the  Interchangeability  does  not  hold,  since 
the  basic  Modlgllanl-Mlller  proposition  on  the  Irrelevance  of  the 
firm's  capital  structure  Implies  that  the  stock  market  value  of 
the  firm's  equity  Is  maximized  only  If  debt  Is  reduced  to  zero 
(l.e.  If  the  total  market  value  of  the  firm,  which  equals  the 
market  value  of  debt  plus  the  market  value  of  equity.  Is 
constant,  then  the  market  value  of  equity  Is  a maximum  — equal  to 
the  total  market  value  of  the  firm  — when  the  market  value  of 
debt  is  zero). 

142.  Because  of  Its  simpler  treatment  of  growth,  the  Llntner  certainty 
model  Is  a static  optimization  model.  In  contrast  to  the  model 

of  this  subsection,  which  Is  a dynamic  optimization  model.  The 
model  discussed  below  is  similar  In  form  Co  the  first  of  two 
certainty  models  presented  by  Llntner  In  his  paper  that  appeared 
In  the  Harris  and  Wood  collection.  See  Llntner,  Corporate  Growth 
under  Uncertainty,  op.  clt..  pp.  181-183.  The  model  discussed 
below  In  Che  present  subsection  Is  also  similar  to,  though 
somewhat  simpler  In  form  than,  Che  Jorgenson  model  discussed 
below  In  section  L. 

143.  In  the  model  capital  goods  are  treated  as  the  numeraire.  All 
prices,  including  the  Interest  rate  r Introduced  below,  are 
expressed  in  terms  of  capital  goods,  rather  than  In  terms  of 
money.  By  selecting  capital  goods  to  be  numeraire,  the  price  of 
capital  goods  becomes,  by  definition,  equal  Co  one.  Also,  Invest- 
ment Is  measured  in  terms  of  capital  goi^s  directly,  rather  than 
In  terms  of  some  dollar-denomlnated  measure.  In  addition,  since 
Che  price  of  capital  goods  Is  constant  (l.e.  always  equal  to  one), 
the  effect  Chat  changing  capital  goods  prices  might  have  on  the 
firm's  investment  decision  can  be  subsumed  within  the  model. 

The  effect  of  selecting  some  other  good  to  be  numeraire,  and 
permitting  capital  goods  prices  to  fluctuate.  Is  considered  below 
In  the  discussion  of  the  Jorgenson  model  In  section  L. 

144.  That  Is,  C[Q(t);K(t)]  expresses  actual  cash  outlays  for  the 
variable  Inputs  as  a function  of  the  rate  of  output,  Q(t)  . 

Since  the  cost  function  excludes  both  depreciation  and  the 
opportunity  cost  of  capital.  It  does  not  represent  true  cost  In 
either  the  accounting  sense  (for  that  includes  depreciation) 

or  the  economic  sense  (for  that  Includes  both  depreciation  and 
the  opportunity  cost  of  capital).  These  other  costs  are  allowed 
for  elsewhere  In  the  ondel. 

145.  This  also  requires  that  the  number  of  shares  outstanding  remain 
fixed  over  time.  Otherwise,  the  current  stock  market  value  must 
be  expressed  In  terms  of  the  flow  of  future  dividends  to  the 
shares  held  by  shareholders  of  record  at  time  zero.  See  C.G. 
Krouse,  On  the  Theory  of  Optimal  Investment,  Dividends,  and 
Growth  In  the  Firm,  op.  clt..  pp.  271-272.  Other  methods  of 
valuation,  namely,  the  discounted  cash  flow  approach,  the  current 
earnings  plus  future  investment  opportunities  approach,  and  the 


stream  of  earnings  approach,  are  possible,  but  Miller  and 
Modigliani  have  shown  that  these  other  approaches  are  equivalent 
to  the  stream  of  dividends  approach  employed  In  (65).  See  Miller 
and  Modigliani,  op.  clt..  pp.  415-421. 

146.  Depreciation  Is  the  physical  wearing  out  of  the  firm's  capital 
stock  and  Is  measured  In  terms  of  the  numeraire  (see  footnote 
143). 

147.  This  simplifying  assumption  will  not  affect  the  results,  for 
Miller  and  Modigliani  have  shown  that.  In  a certain  world  with 
perfect  capital  markets,  the  firm's  dividend  policy,  given  Its 
Investment  policy.  Is  Irrelevant.  Ibid. . pp.  412-415.  The 
Irrelevance  of  the  firm's  dividend  policy  Is  evidence  of  "the 
general  principle  that  there  are  no  financial  Illusions  In  a 
rational  and  perfect  economic  environment."  Ibid. , p.  414. 

In  such  an  environment,  values  are  determined  by  the  firm's 
investment  policy  (and  the  earning  power  of  Its  assets)  only. 

148.  The  symbol  I(t)  In  equation  (66)  represents  the  gross  Increment 
to  the  firm's  physical  stock  of  capital.  Since  capital  goods 
have  been  taken  to  be  the  numeraire,  the  accounting  Identities 
(63),  (64),  and  (66)  are  all  expressed  In  terms  of  units  of 
capital.  Therefore,  I(t)  , which  appears  In  (63)  and  (64)  as 

a financial  flow  and  which  appears  In  (66)  as  a physical  flow, 
is  the  same  (In  terms  of  both  units  of  measurement  and  magnitude) 
In  all  three  equations  due  to  the  selection  of  capital  goods  as 
the  numeraire. 

149.  For  simplicity.  It  Is  assumed  that  each  of  the  decision  variables 
will  be  strictly  postilve  at  each  point  In  time  along  their 
respective  optimal  trajectories. 

150.  See  Intrlllgator,  op.  clt.,  pp.  306-325. 

151.  For  example,  see  K.J.  Arrow,  "Optimal  Capital  Policy  with 
Irreversible  Investment,"  In  J.N.  Wolfe,  ed. , Value.  Capital 
and  Growth  (Aldlne;  Chicago;  1968),  pp.  1-19. 

152.  Leland  shows  that,  under  certain  conditions,  the  attainment  of 
objectives  such  as  maximizing  the  utility  of  sales  and  profits 

or  maximizing  profit  per  worker  requires  that  the  optimal  current 
policies  converge  to  profit  maximization.  See  H.E.  Leland,  "Why 
Profit  Maximization  May  Be  A Better  Assumption  Than  You  Think," 
technical  report  no.  80  (Institute  for  Mathematical  Studies  In 
the  Social  Sciences,  Stanford  University;  Stanford,  Calif.; 
December  1972).  Leland's  model  Is  discussed  further  In  section 
L of  this  chapter. 

153.  Kuehn  carried  out  a study  In  the  United  Kingdom  to  determine 
whether  firms  are  growth  maximizers  or  profit  maximizers  and  found 
empirical  support  for  the  growth  maximization  hypothesis. 
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particularly  among  flrma  that  ware  actively  engaged  In  the 
takeover  movement  of  the  1960*8.  See  Kuehn,  op.  clt.  Kuehn's 
analysis  does  not  prove,  however,  that  growth  maximization  is 
the  universally  adopted  objective  of  modem  corporate  managers, 
and  It  remains  to  be  seen  whether  It  can  be  proved  that  a single 
objective  applies  universally. 
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as  the  firm  matures.  See  Wong,  oo.  clt.,  pp.  689-694. 
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vol.  25;  no.  99;  August  1958),  pp.  187-198.  An  expanded  version 
of  the  model  Is  provided  in  W.J.  Baumol,  Business  Behavior.  Value 
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179.  "New  Spur  for  a Sluggish  Giant,"  Business  Week  (March  17,  1975), 
p.  50. 

180.  Baumol,  Business  Behavior.  Value  and  Growth,  op.  clt..  pp.  48-50. 

181.  Ibid. . ch.  4.  Only  on  major  decisions,  such  as  the  construction 
of  a new  plant  or  the  launching  of  a new  product,  need  the 
reactions  of  rivals  be  explicitly  considered. 

182.  If  R(q)  denotes  total  sales  revenue,  then  revenue  Is  maximized 
where  R* (q)  » 0 and  R"(q)  < 0 . The  statement  in  the  text 
refers  to  the  first  order  condition.  Further,  R(q)  * q'p(q)  i 
where  p(q)  Is  the  Inverse  of  the. demand  function,  and 

R*  (q)  ■ p(q)  + q’p'(q)  ■ p(l+^  • . The  price  elasticity  of 

demand  n i Is  defined  by  ^ 

n ■ - • Thus, 

9 dp  . 

R' (q)  ■ p(l-— ) and  R' (q)  “ 0<=^n  ■ 1 . 

183.  Note  that  the  AC  4-  n /Q  curve  Intersects  DD  at  two  points. 

Since  marginal  revenue  Is  positive  at  both,  the  larger  output 
brings  larger  sales  revenue,  and  thus  Is  selected. 

184.  If  AC-fTT  /Q  were  to  lie  above  DD  over  the  entire  range  of 
output,  tfien  It  would  be  impossible  for  the  firm  to  satisfy  the 
profit  constraint.  That  Is,  (p.  - AC(Qj^) ) , where 
leads  to  maximum  total  profit,  and  the  firm's  optimization 
problem  would  not  have  a feasible  solution.  In  such  a case, 
the  best  the  firm  could  do  would  be  to  maximize  total  profit  In 
order  to  come  as  close  as  possible  to  ir  . It  should  be  noted 
that,  while  it  has  been  assumed  In  the  tSxt  that  the  profit 
constraint  Is  binding  at  optimality,  this  need  not  be  the  case 
when  advertising  expenditure  is  excluded  from  the  model.  This 
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can  be  seen  more  clearly  when  the  model  of  the  firm  Is  formu- 
lated without  advertising  expenditure  as  the  following  mathematical 
programming  problem: 


maximize 


subject  to 


where  Q Is  total  output,  and  R(Q)  and  C(Q)  are  total 
revenue  and  total  cost,  respectively.  The  Lagrangian  for 
problem  (*)  Is  - R(Q)  + “ lR(Q)  - C(Q)]  , and  assuming 

nontrivial  Q at^optlmallty,  tfie  Kuhn-Tucker  conditions  that 
must  be  satisfied  by  an  optimal  solution  to  (*)  are  the  following 


It  follows  from  (***)  either  that  R(Q)  - C(Q)  ■ tt  , In  which 
case  the  minimum  profit  constraint  Is  binding,  as  discussed  in 
the  text,  or  else  that  A ■ 0 , in  which  case  (**)  Implies 
R* (Q)  ■ 0 . In  this  latter  case,  the  minimum  profit  constraint 
Is  not  binding.  In  practical  terms,  the  minimum  required  level 
of  total  profit  Is  low  enough,  and  the  firm's  costs  of  production 
are  also  'low  enough',  that,  by  maximizing  total  revenue,  the  firm 
Is  able  to  generate  sufficient  profits  to  satisfy  the  profit 
constraint.  However,  as  discussed  below.  If  advertising  expen- 
diture Is  Introduced  Into  the  model,  and  if  It  Is  assumed  that 
the  marginal  productivity  of  advertising  expenditure  Is  always 
positive,  then  the  minimum  profit  constraint  must  be  binding  at 
optimality. 


185.  The  rule  for  profit-maximizing  advertising  policy  is  derived  easily 
from  the  following  model: 

maximize:  it(Q,A)  ■ R(Q,A)  - C(Q)  - A (*) 

{Q.A} 

where  Q is  total  output,  A Is  advertising  expenditure, 
n Is  total  profit,  and  C Is  total  production  cost.  The 
function  R(Q,A}  expresses  total  revenue  as  a function  of  both 
the  output  level  and  the  level  of  advertising  expenditure.  The 
necessary  conditions  for  an  optimal  solution  to  (*)  are  the 
following: 


r 

I 


Equation  (**)  Is  inCerpretsd  as  the  faalllar  aarglnal  revenue 
equals  aarglnal  cost  rule  for  profit  maxlalzatlon,  inhere  aarglnal 
revenue  is  determined  with  the  advertising  level  held  fixed. 
Equation  (***)  Is  Interpreted  as  the  requirement  that  advertising 
expenditure  be  Increased,  for  given  output  level,  up  to  the 
point  at  which  the  addition  to  total  revenue  resulting  from  the 
last  dollar  spent  on  advertising  Just  equal  one  dollar  — the 
addition  to  total  cost  due  to  the  Increase  In  advertising  expen- 
diture. That  is,  (***)  Is  also  a marginal  revenue  equals  marginal 
cost  rule,  but  applied  to  advertising  expenditure  rather  than  to 
output  level. 

186.  And,  as  demonstrated  below,  as  long  as  the  marginal  productivity 
of  advertising  expenditure  Is  always  positive,  any  such  increase 
in  total  profit  above  the  required  minimum  will  always  be  spent 
on  advertising  (and  thereby  lead  to  increased  total  revenue  and 
to  enhanced  managerial  utility). 

187.  The  total  revenue  curve  shifts  upward  from  R^(Q)  to  R2(Q) 

In  figure  11-15  due  to  the  Increase  In  total  revenue  earned  at 
each  level  of  output,  Q (one  Interpretation  of  this  Is  that  an 
Increase  In  advertising  expenditure  causes  product  demand  to 
increase  so  that  any  particular  level  of  output  can,  due  to  the 
Increase  in  advertising  expenditure,  be  sold  at  a higher  unit 
price),  and  the  total  cost  curve  shifts  upward  from  C. (Q)  to 
C2(Q)  by  the  full  amount  of  the  additional  advertising 
expenditure. 

188.  Mote  that  ^2  ^3  * '^bara  tha  lattar  maxlmlzas  total  ravanua 

(given  the  current  level  of  advertising  expenditure). 

189.  VThat  follows  Is  an  expanded  and  generalized  version  of  the 
mathematical  model  of  the  firm  provided  in  Baumol,  Business 
Behavior.  Value  and  Growth,  op.  clt..  pp.  68-72.  Specifically, 
the  model  (73)  permits  the  firm  to  exercise  choice  regarding 
productive  techniques  and  Its  Input  mix,  thereby  enabling  several 
of  Baumol 's  qualitative  results  to  be  demonstrated  quantitatively. 

190.  The  demand  curve  for  the  1-th  good  Is  of  the  form  q « D(p.,A.)  , 
or  f(q.,p.tA.)  ■ 9^^  “ D(p  ,A  ) ■ 0 . Since  the  demand  curve  Is 
downwarO-sIopxng,  oq./3p.^^  0 , and  by  the  implicit  function 
theorem,  the  original ^demand  relation  can  be  solved  for  p.  as 

a function  of  q.  and  A , so  that  total  revenue,  R.  , Is 
given  by  " pj  * 9^  ■ Pj^Cq^.A^)  • - R^(q^,A^)  . 

191.  The  full  statement  of  the  Kuhn-Tucker  conditions  would  Include 
Lagrange  multipliers  for  the  decision  variables.  As  before,  for 
simplicity  It  Is  assumed  that  each  of  the  decision  variables 
appears  In  the  optimal  solution  at  a positive  level.  Generalizing 
to  permit  comer  solutions  Is  easy,  and  so.  Is  not  done  here. 
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192.  Note  chat  even  chough  Che  sales  ■axialBer  Is  carrying  production 
beyond  the  aost  profitable  level,  it  la  still,  according  to  (80) 
and  (81),  going  to  expand  production  In  the  relatively  aost 
profitable  product  lines  using  the  ralatlvely  aost  profitable 
Input  coafclnatlona . 

193.  Ibid. . ch.  7. 

194.  Ibid. . pp.  50-53. 

195.  See  D.  Needhaa,  Econoalc  Analysla  and  Industrial  Structure 
(Holt,  Rinehart  and  Winston;  New  York;  1969),  pp.  6-10,  and 
J.H.  Wllliaason,  "Profit,  Growth  and  Sales  Maxlalxatlon," 
Econoalca  (vol.  33;  no.  129;  February  1966),  pp.  13-15. 

196.  Needham,  op.  clt..  pp.  8-10. 

197.  G.K.  Yarrow,  "Managerial  Utility  Maximization  under  Uncertainty," 
Econoalca  (vol.  40;  no.  158;  May  1973),  pp.  160-164. 

198.  Baumol,  Theory  of  Expansion  of  the  Firm,  op.  clt..  pp.  1078. 

1085. 

199.  Ibid. . pp.  1078-1087. 

200.  Ibid.,  pp.  1085-1086. 

201.  But,  of  course.  If  utility  is  a monotonlcally  increasing  func- 
tion of  total  revenue,  then  Che  two  formulations  are  equivalent 
in  terms  of  the  firm's  hypothesized  performance,  although 
formulating  the  firm's  objective  function  as  total  revenue, 
rather  than  as  Che  utility  of  total  revenue,  is  simpler 
mathematically. 

202.  Ibid.,  p.  1078,  1084-1085. 

203.  It  should  be  noted  that  Baumol's  two  models  are  not  equivalent, 
aor  Is  his  growth  maximization  model  a simple  extension  of  his 
single  period  sales  maximization  model.  Due  to  the  Intertemporal 
sales  trade  offs  Inherent  in  a growth  maximization  model,  the 
latter  Is  not  derivable  from  the  former,  although  as  Williamson 
shows,  Che  single  period  sales  maximization  model  could  be 
derived  from  a multiperiod  sales  maximization  model.  See  J.H. 
Williamson,  op.  clt..  pp.  13-14. 

204.  For  simplicity,  all  flow  variables  are  expressed  'per  year', 
rather  than  per  time  period  of  arbitrary  length,  as  in  the 
original  Baumol  formulation. 

205.  Bawnol  actually  defined  I as  the  firm's  "level  of  Investment 
as  a per  cent  of  the  value  of  current  capital  assets  (Che 
percentage  rate  of  growth  of  the  firm's  money  capital)."  Baumol, 


Theory  of  Eagwalon  of  the  Plra.  op.  clt..  p.  1086.  Thle  author 
has  interpreted  Baunol^s  definition  In  tenu  of  the  conventional 
economic  definition  of  InvestSKnt  and  capital  assets,  which  were 
given  In  section  C of  chapter  one  of  this  paper.  Note  that.  In 
terms  of  the  firm's  balance  sheet  given  In  table  II-l,  Baumol's 
definition  of  I , as  Interpreted  by  this  author.  Implies  a 
simplification  of  the  assets  side  of  the  firm's  balance  sheet  to 
Include  Just  capital  assets,  l.e.  fixed  assets  and  Inventories. 

It  should  be  emphasized  that  even  under  the  author's  Interpretation 
of  Baumol's  definition,  the  variable  I still  represents  the 
percentage  rate  of  growth  of  the  firm's  money  capital. 

206.  See  table  II-3. 

207.  Note  that,  because  of  the  second  constraint,  any  two  variables 
from  the  set  {ir,D,E}  could  serve  as  decision  variables.  Note 
also  that  the  model  could  be  expanded  to  take  Into  account 
decision  variables  such  as  output  levels,  advertising  outlays, 
etc.,  though  as  Baumol  Indicates,  this  Is  not  critical  to  under- 
standing the  basic  features  of  his  model.  Ibid. . p.  1086. 

208.  Ibid.,  p.  1079-1081. 

209.  As  before,  s < g Is  necessary  In  order  that  the  integral  converge. 

210.  The  expansion  costs  term,  C(q)  , Implicitly  allows  for  the 
Immediate  Investment,  I , and  also  for  all  future  related 
costa  necessary  to  support  the  growth  of  sales. 

211.  See  J.H.  Williamson,  op.  clt..  p.  4;  Karris,  A Itodel  of  the 
'Managerial'  Enterprise,  op.  clt..  pp.  200-202;  and  Penrose, 
op.  clt..  chs.  9 and  11. 

212.  Various  other  static  results  are  obtainable  from  the  model.  See 
Baumol,  Theory  of  Expansion  of  the  Firm,  op.  clt..  pp.  1082-1085. 

213.  According  to  the  conventional  definition  of  steady  state  growth, 
it  Is  only  necessary  that  these  quantities  each  grow  at  a constant 
rate;  it  Is  not  necessary  that  they  all  grow  at  the  same  constant 
rate.  Bannock,  Baxter,  and  Rees,  op.  clt. . pp.  386-387.  Note  thet 
the  Baumol  growth  maximization  model  permits  sales  and  the  stock 

of  money  capital  to  grow  at  different  retes,  although  each  growth 
\ rate  must  remain,  by  assumption,  constant  through  time.  The  Karris 

model,  which  is  discussed  In  the  next  subsection,  makes  the 
assumption  that  all  quantities  grow  at  the  same  constant  rate 
(indeed,  this  is  typicelly  asstjaed  in  steady  state  growth  models). 

214.  The  linear  homogeneity  of  the  production  function  guarantees  that 
output  and  Input  levels  all  grow  at  the  same  rate.  The  constant 
output  price  end  constant  input  prices  then  ensure  that  total  sales 


and  total  profit  grow  at  the  same  rate,  which  is  also  the  rate  at 
which'  total  retained  eemings  grow.  If  the  amount  of  externally 


raised  finance  grows  at  the  same  rate  as  retained  earnings,  then 
total  money  capital  (which  Is  the  sum  of  the  amounts  raised 
externally  and  Internally)  must  grow  at  the  same  rate,  which,  by 
the  foregoing,  also  Is  the  rate  at  which  sales  grow. 

215.  Baumol  presented  the  model  (92)  of  the  growth  maximizing  firm 
without  attempting  to  derive  and  Interpret  optloiallty  conditions. 
What  follows  is  this  author's  attempt  to  characterize  the  equili- 
brium rate  of  growth  of  sales  of  the  growth  maximizing  firm,  based 
on  a modified  version  of  Baumol's  model. 

216.  The  initial  formulation  of  the  model  was  presented  first  in 
Harris,  A Model  of  the  'Managerial*  Enterprise,  op.  cit.. 

pp.  185-209.  An  expanded  version  of  the  initial  formulation  of 
the  model  subsequently  appeared  in  Harris,  Managerial  Capitalism. 
op.  cit..  pp.  226-249.  The  second  formulation  of  the  model 
initially  appeared  in  ibid. . pp.  249-265.  A subsequent  statement 
of  the  second  formulation  is  given  in  Harris,  Theories  of  Corporate 
Growth,  op.  cit.,  pp.  1-36.  The  objective  function  referred  to  in 
the  text  belongs  to  the  second  formulation. 

217.  Harris,  Managerial  Capitalism,  op.  cit..  pp.  101-107. 


218.  Ibid. . pp.  18-22,  and  Harris,  Theories  of  Corporate  Growth. 
op.  cit..  p.  16. 

219.  For  empirical  evidence  of  an  inverse  relationship  between  the 

I valuation  ratio  and  the  probability  of  takeover  see  D.A.  Kuehn, 

"Stock  Market  Valuation  and  Acquisitions:  An  Empirical  Test  of 
One  Component  of  Managerial  Utility,"  Journal  of  Industrial 
Economics  (vol.  17;  no.  2;  April  1969),  pp.  132-144,  and  Kuehn, 
Takeovers  and  the  Theory  of  the  Firm,  op.  cit..  ch.  3.  In  con- 
trast, studies  by  Singh  and  Newbould  found  evidence  that  would 
support  only  a very  weak  inverse  relationship  between  the  valuation 
ratio  and  the  probability  of  takeover,  although  Singh's  results  do 
show  that  taken-over  firms  do  tend  to  have  a smaller  valuation 
ratio  than  non-taken-over  firms.  See  Singh,  op.  cit..  ch.  3; 
i and  G.D.  Newbould,  Management  and  Merger  Activity  (Guthstead; 

t Liverpool;  1970).  Excessive  growth  was  one  of  the  major  factors 

!that  recently  led  a number  of  conglomerates  into  serious  financial 

difficulties,  among  them  American  Standard,  Inc.  ("How  Aawrlcan 
Standard  cured  its  conglomerltis:  A tough  program  to  rid  itself 
f of  oonprof itable  acquisitions  is  paying  off,"  Business  Week 

j (Septesd>er  28,  1974));  Rucker  Co.  ("How  Rucker  cured  its  conglom- 

erate fever,"  BusImss  Week  (April  7,  1975));  Gulf  & Western 
Industries,  Inc.  ("Bluhdom  the  raider  as  elder  statesman," 

Business  Week  (January  20,  1975));  Westinghouse  Electric  Corp. 

^B.E.  Calaaw  and  J.V.  Conti,  "Westinghouse  Moves  to  Halt  Old 
Drains  and  Avoid  New  Ones,"  Wall  Street  Jwmal  (March  7,  1975)); 
Republic  Corp.  ("Republic  Corp.^^.  Forbes  6torch  1,  1976));  and 
the  classic  example,  LTV  "(Is  There  Life  After  Ling?"  Forbes 
(April  IS,  1975)).  Excessive  growth  is  also  at  least  partly 

C responsible  for  the  recent  W.T.  Grant  debacle  ""Investigating  the 

collapse  of  W.T.  Grant,"  Business  Week  (July  19,  1976)). 
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220.  Harris,  Managerial  Capitalism,  op.  cit..  pp.  xvil-xvili. 
In  Ccns  of  the  balance  sheet  illustrated  In  table  II-l,  the  book 
value  of  'net  equity  assets'  is  equal  to  stockholders'  equity 
less  the  preferred  stock  portion  of  contributed  capital.  That  la, 
'net  assets'  Is  what  was  defined  as  'equity'  In  section  A of  this 
chapter.  It  represents  that  portion  of  the  fins' s assets  — with 
fixed  assets  valued  at  historic  cost  less  depreciation  — that  are 
attributable  to  the  fine's  coaaon  stockholders.  Given  this  defini- 
tion of  net  equity  assets,  the  valuation  ratio  can  be  Interpreted 
as  the  ratio  of  the  stock  aarket  valuation  of  the  assets  of  the 
firm  attributable  to  the  fine's  common  stockholders  to  the  value 
attached  to  those  assets  In  the  flra's  balance  sheet.  It  should 
be  noted  that.  If  fixed  assets  were  valued  at  replaceaent  costs. 

If  the  stock  aarket  and  the  aarkets  for  capital  (goods)  were 
perfect,  and  If  uncertainty  were  absent,  then,  as  a consequence 
of  general  equlllbrlua  In  these  aarkets,  the  valuation  ratios  of 
all  (publlcally  held)  flras  would  be  equal  to  one. 


221.  Harris,  Theories  of  Corporate  Growth,  op.  clt..  pp.  17-19. 

222.  Harris,  A Hodel  of  the  'Hanaaerlal' Enterprise,  op.  clt.;  pp.  185- 
209,  and  Harris,  Maaagerlal  Capltallaa.  op.  clt..  pp.  226-249. 


223.  Harris,  Theories  of  Corporate  Growth,  op.  clt..  p.  19. 

I 224.  This  section  Is  based  prlaarlly  on  Harris,  A Model  of  the 

'Managerial'  Enterprise,  op.  clt..  pp.  185-209.  The  syabollsa 
used  by  Harris  has  been  altered  slightly  — g la  used  in  place 
of  C — In  order  that  g r agree eat  the  growth  rate  of  the  flm 
throughout  this  entire  subsection. 

225.  Ibid. . p.  192.  See  also  the  discussion  In  Harris,  An  Introduction 
to  Theories  of  Corporate  Growth,  op.  clt..  pp.  11-15.  Steady  state 
growth,  which  waa  aasuawd  In  the  Bauanl  growth  aaxlalzatlon  aodel 
Just  discussed,  la  also  assuaed  In  the  aodels  presented  In  J.H. 
Wllllaaaon,  op.  clt.;  t.M.  Solow,  op.  clt.;  J.  Llntner,  Optlaua 
or  Maxlaua  Corporate  Growth  under  Dncertalnty.  op.  clt.;  and 
Yarrow,  op.  clt. 


226.  Penrose,  op.  clt..  pp.  212-214. 

227.  This  aasiaiptlon  of  steady  state  growth  la.  In  the  opinion  of  this 
writer,  an  enomoua  aiapllflcatlon  of  the  actual  growth  process, 
but  one  that  can  be  justified  on  analytical  grounds.  Clearly  the 
flra's  growth  rate  la  not  constant  over  tlae;  It  la  affected  by, 
aaong  other  factors,  changing  aarkat  conditions  and  the  changing 
quality  of  aanagaaent.  Assualng  steady  state  growth  la  tantaaount 
to  aaauaang  that,  if  conditions  external  to  the  fira.  Its  ability 
to  Influence  Its  envlronaent,  and  its  selection  of  operating 
policies  reaaln  fixed,  then  the  laportant  quantifiable  variables, 
such  as  total  salsa,  the  aarkat  value  of  the  flra,  and  reported 
net  Incoae,  would  all  grow  at  the  saaa  constant  rate,  and  further, 
key  ratios,  such  as  the  retention  ratio,  the  leverage  ratio,  and 
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the  profit  rate,  would  remain  constant.  The  assumption  of  steady 
state  growth  Is  not  untenable,  however,  and  Is  probably  best 
thought  of  as  the  selection  of  a long  run  growth  target.  See 
Harris,  An  Introduction  to  Theories  of  Corporate  Growth,  op.  clt.. 
pp.  12-13,  and  R.  Harris,  ''Some  New  Results  on  Growth  and  Profita- 
bility," In  Harris  and  Wood,  op.  clt..  pp.  422-427.  By  assuming 
steady  state  growth,  the  model  of  the  firm  can  be  formulated  as  a 
mathematical  programming  problem  that  can  be  solved  with  the  aid 
of  static  optimization  techniques,  whereas  a more  realistic 
specification,  with  the  growth  rate  variable,  would  require  the 
application  of  optimal  control  theory  and  dynamic  optimization 
techniques.  The  application  of  control  theory  to  models  of 
corporate  growth  Is  discussed  below  In  section  L of  this  chapter. 

228.  'Productive  assets',  as  defined  by  Harris,  are  equal  to  total 
assets  less  'liquid  assets',  %rhlch  In  turn  are  defined  by  Harris 
to  Include  cash  In  excess  of  the  required  minimum  working  balance. 

(l.e.  some  portion  of  %rhat  Is  listed  as  cash  In  the  balance 

sheet  In  table  II-l,  is 'illiquid'  in  the  sense  that  it  satisfies 
the  firm's  recurring  need  for  cash  with  which  to  make  payments  of 
various  kinds.)  Harris,  A Hodel  of  the  'Hanagerlal'  Enterprise. 
op.  clt..  p.  192,  and  Harris,  Hanagerlal  Capitalism,  op.  clt.. 
p.  xvil.  It  should  be  noted  that.  In  steady  state,  total  assets, 
productive  assets,  and  liquid  assets  all  grow  at  the  saise  constant 
rate,  so  that  equation  (103)  Is  not  affected  by  the  presence  of 
liquid  assets  in  the  model.  Harris,  A Hodel  of  the  'Hanagerlal' 
Enterprise,  op.  clt..  pp.  192-193. 

229.  J.  Duesenberry,  Income.  Saving  and  the  Theory  of  Consumer  Behavior 
(Harvard  University  Press;  Canibrldge,  Hass.;  1962),  pp.  104-110. 

For  a discussion  of  some  empirical  evidence  concerning  the  rela- 
tionship between  corporate  growth  and  diversification  see  C.H. 

Berry,  Corporate  Growth  and  Diversification  (Princeton  University 
Press;  Princeton,  N.J.;  1975).  Berry  found  a high  degree  of 
association  between  corporate  growth  and  the  addition  of  new 
products  among  the  largest  firms  In  the  economy. 

230.  Hore  than  70  percent  of  all  new  consumer  brands  fall.  This 
Includes  new  products  for  trhlch  a profitable  market  falls  to 
develop  as  well  as  unsuccessful  attempts  by  producers  to  break 
Into  an  established  market  by  offering  new  brands.  This  second 
type  of  failure  generally  occurs  because  the  new  brand  lacks  a 
significant  price  or  performance  advantage  over  existing  brands. 

See  J.H.  Davidson,  "Why  Host  New  Consumer  Brands  Fall,"  Harvard 
Business  Review  (Harch-Aprll  1976),  pp.  117-122. 

231.  See  table  II-2. 

232.  See  tables  II-l,  II-2,  and  11-3. 

233.  In  the  second  fonmilation  of  his  model,  Harris  appeals  to  the  work 
of  Miller,  Modigliani,  Llncner,  aad,  J.H.  Willlameon  to  simplify  the 
model  by  assuming  that  all  finance  is  generated  Internally,  and 
hencr,  that  the  constant  a Is  simply  the  retention  ratio.  See 
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footnotes  140  and  237.  At  a aore  practical  level.  In  the  real 
world,  where  uncertainty  exists  and  capital  markets  are  Imperfect, 
large  established  firms  typically  rely  on  new  equity  Issues  for 
only  a small  percentage  of  their  expansion  funds.  Harris,  A Model 
of  the  ’Managerial’  Enterprise,  op.  clt..  p.  199.  In  recent  years 
there  has  been  a dearth  of  new  equity  Issues,  so  that  leaving 
new  equity  Issues  out  of  the  model  Is  not  as  unrealistic  as  it 
might  first  appear. 

234.  This  terminology  is  Harris's.  Equation  (103)  might  also  be 
called  more  descriptively  the  ' rate-of-growth-of-the-supply-of- 
finance*  function.  Following  Harris,  the  shorter  term  will  be 
used  throughout  this  subsection. 

235.  These  costs  of  growth  were  discussed  previously  in  connection 
with  the  Baumol  growth  maximization  model.  See  p.2L^\  and  see  also 
footnote  211  for  references.  The  111  effects  of  an  excessive 
rate  of  diversification  can  linger  for  a number  of  years.  For 

an  interesting  discussion  of  the  problems  confronting  the  food 
processing  industry  see  "The  Hard  Road  of  the  Food  Processors," 
Business  Week  (March  8,  1976).  Most  of  the  companies  listed  in 
footnote  219  are  suffering  from  similar  problems. 

236.  See  Marrls,  Theories  of  Corporate  Growth,  op.  clt..  pp.  17-23. 

237.  As  In  the  earlier  formulation,  it  Is  assumed  that  there  are  no 
new  equity  shares  Issued.  Thus,  all  finance  is  generated  intern- 
ally. Also  as  in  the  previous  formulation,  the  firm  grows  in 
steady  state.  Since  Llntmer  and  Ullliasmon  have  shown  that  the 
restriction  to  Internal  financing  docs  not  limit  the  set  of 
attainable  steady  state  growth  rates,  as  long  as  capital  markets 
are  perfect,  the  assumptions  of  steady  state  growth  and  no  external 
financing  of  Investment  are  conq>atlble.  See  J.  Llntner,  "The 

Cost  of  Capital  and  Optimal  Financing  of  Corporate  Growth," 

Journal  of  Finance  (vol.  18;  no.  2;  May  1963),  pp.  292-310; 

J.  Llntner,  "Corporate  Finance:  Risk  and  Investment,"  In 
R.  Ferber,  ed. , Determinants  of  Investment  Behavior  (Columbia 
University  Press;  New  York;  1967),  pp.  215-254;  and  J.H.  Williamson, 
op.  clt..  pp.  3,  6-7.  Briefly,  In  a world  of  certainty  with 
perfect  capital  markets,  the  alternative  of  Issuing  new  equity 
shares  does  not  enlarge  the  set  of  attainable  steady  state  growth 
rates. 

238.  Marrls,  Theories  of  Corporate  Growth,  op.  clt..  p.  19. 

239.  Marrls,  Managerial  Capitalism,  op.  clt..  ch.  6.  A second  approach 
is  suggested  by  Hcrendeen  following  J.H.  Williamson.  See 
Herendeen,  op.  clt. . pp.  81-83,  and  J.H.  Williamson,  op.  clt.. 

pp.  9-13.  This  second  approach  assumes  that  the  firm's  profit  rate 
p Is  constant,  whereas  the  approach  given  here  does  not. 

240.  Since  Increasing  r causes  the  supply-of-flnence  curves  figura 
11-17  to  shift  upward,  the  balanced  growth  curve  must  also  shift 
upward,  and  g must  increase.  The  reverse  happens  when  r falls. 
Hence, 

dg^/dr  > 0 . 


i 
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241.  In  chapter  six  of  The  Economic  Theory  of  'Managerial*  Capitalism 
Harris  argues  that  p"(g)  > 0 may  hold  for  low  rates  of  growth 
If  the  firm  xs  able  to  exploit  Its  temporary  monopoly  position 

In  markets  for  new  products  that  It  has  recently  Introduced.  The 
temporary  monopoly  enables  the  firm  to  keep  prices  and  profit 
margins  high  — but  only  until  new  competitors  enter  the  market 
and  force  prices  down.  An  example  of  this  sort  of  phenomenon  Is 
the  market  for  pocket  calculators.  See  "A  calculator  war  at  the 
top  of  the  line,"  Business  Week  (July  19,  1976).  As  the  firm's 
growth  rate  Increases,  eventually  the  profit  rate  falls  due  to  the 
Penrose  effect.  Higher  rates  of  growth  lead  to  Internal  Ineffi- 
ciencies, and  In  particular,  to  a less  efficient  utilization  of 
the  firm's  capital.  Evidence  of  this  phenomenon  is  provided  by 
firms  that  are  slowing  their  growth  In  order  to  increase  their 
profit  rates.  See  R.E.  Winter,  "More  Firms  Slow  Drive  For  Growth, 
Bid  To  Lift  Return  On  Investment,"  Wall  Street  Journal  (December 
16,  1975).  Allowing  p'(g)  > 0 over  some  range  Is  not  essential, 
so  In  "An  Introduction  to  Theories  of  Corporate  Growth"  Harris 
assumes  that  p' (g)  < 0 for  all  g . 

242.  To  derive  equation  (108),  let  N denote  the  number  of  shares 
outstanding  and  let  d denote  the  current  dividend  pjr  share. 
Valuing  each  share  of  Stock  In  terms  of  the  present  value  of  the 
future  dividend  stream,  the  market  value  of  each  share  is  equal 
to  d ^i-g) , and  thus  V ■ N*d  ^i-g) . But  N*d^  equals  the 
sum  pSld  out  as  dividends  to  shareholders,  and  thus,  is  equal  to 
p(l-r)K  , which  leads  by  substitution  to  (108).  This  result 
follows  directly  from  what  Fama  and  Miller  call  the  "equal  rate 
of  return  principle"  and  what  Miller  and  Modigliani  call  the 
"fundamental  principle  of  valuation."  See  Fama  and  Miller,  op. 
clt. . pp.  36-37,  92-94,  and  Miller  and  Modigliani,  op.  clt.. 

pp.  412,  422. 

243.  Note  from  (110)  that  If  p(g)  ■ g (and  1 ^ g) , then  the  valuation 
ratio  is  zero.  From  (103),  g ■ p Implies  that  r ■ 1 . If 

the  firm  tried  to  retain  all  profits.  Its  valuation  ratio  would 
fall  to  zero.  Thus,  a management  that  values  Its  security  will 
set  r < 1 , so  that  g < p . Even  If  the  firm  were  permitted 
to  raise  funds  externally,  g £.  p must  still  be  true  In  the  long 
run.  For  if  g > p for  the  typlcsl  firm,  then  each  year  there 
Is  a net  flow  of  funds  from  shareholders  to  the  firm,  which  Implies 
that  shareholders  on  a net  basis  steadily  Increase  their  saving 
without  any  prospect  of  future  reward.  Similarly,  g £ 1 In  a 
general  equilibrium  setting.  The  possibility  that  g can  exceed 
1 forever  leads  to  the  well-known  "growth  stock  paradox",  which 
has  no  real  economic  significance  since  In  a general  equilibrium 
setting  1 is  a variable,  and  If  g > 1 so  that  one  or  more 
shares  did  not  have  a finite  value,  then  demand  for  that  stock 
would  necessarily  cause  v to  rise  until  capital  market  equili- 
brium had  been  restored.  See  Miller  and  Modigliani,  op.  clt. . 
p.  421  (footnote  14). 
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In  actnalicy,  however,  flra'e  veloetlon  retlos  cen  fell  below 
one.  During  the  recent  receaelon  several  flras  had  valuation 
ratios  less  than  one  but  were  not  taken  over,  possibly  because 
of  the  rather  dismal  business  outlook  and  the  inability  of 
potential  takeover  raiders  to  raise  the  necessary  funds  — 
either  internally  or  externally  — with  which  to  finance  the 
acquisition. 


245.  See  Harris,  Theories  of  Corporate  Growth,  op.  cit 


Since  there  is  no  debt,  equity  assets  are  the  same  as  productive 
assets  (if  liquid  assets  are  ignored),  and  D(g)  represents 
the  dividend  yield  on  the  firm's  equity  assets.  To  see  this, 
note  that  p-g  ■ (l-r)p  ■ (l-r)pK/K  ■ Nd  /K  . 


The  dividend  yield  expressed  in  terms  of  the  share  price  is 

. The  quantity  T(g)  - l/(i-g 
the  present  value  of  an  income  stream  that  is  initially  1 
and  is  growing  at  rate  g , with  constant  rate  of  discount 
i > g . Note  that  d *Y(g)  is  the  share  price. 


The  percentage  Increase  in  the  share  price  resulting  from  an 
increase  in  g is  equal  to 


the  percentage  increase  in  the  present  value  function 


249.  Harris,  Hanagerlal  Capitalism 


It  is  assumed  that  neither  shareholders  nor  managers  would  ever 
find  it  to  their  advantage  to  select  a negative  steady  state 
growth  rate.  Note  that,  if  v' (g)  < 0 , for  all  g , condition 
(112)  is  not  satisfied  unless  v' (0)  - 0 . However,  it  is 
reasonable  to  expect  that  in  an  expanding  economy  v' (g)  > 0 
for  MSt  firms. 


251.  This  follows  by  substitution  for  v , using  the  constraint,  into 
the  objective  function  in  (111).  The  resulting  problem  is  a 
single  variable  unconstrained  optimisation  problem.  An  alternative 
approach  would  be  to  use  the  method  of  Lagrange  multipliers,  which 
would  be  somewhat  more  cumbersome  mathematically,  but  which  would 
yield  additional  economic  Information,  through  the  value  of  the 
Lagrange  multiplier,  concerning  the  value  to  the  firm  of  a 
relaxation  of  the  valuation  constraint. 


Note  that  condition  (114)  is  not  altered  if  v' (g)  < 0 
g , since  the  point  of  tangency  must  occur  where  v(g) 
downward-sloping. 


( 
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253.  These  conclusions  are  consistent  with  the  models  of  J.H.  Williamson, 
Solow,  and  Llntner.  See  J.H.  Williamson,  op.  clt.;  Solow,  op.  clt. ; 
and  Llntner,  Corporate  Growth  under  Uncertainty,  op.  clt.  Solow* s 
analysis  Is  noteworthy  for  two  reasons:  (1)  his  model  determines 
the  initial  scale  of  the  firm  as  well  as  Its  growth  rate  and 

(11)  he  compares  the  behavior  of  growth  maximizers  with  the 
behavior  of  value  maximizers  In  response  to  various  external 
stimuli,  such  as  changes  in  factor  prices  and  a change  In  the 
corporate  profits  tax  rate. 

254.  See  Singh,  op.  clt.,  p.  81.  Singh  finds  that  the  empirical  evi- 
dence relating  to  the  relationship  between  the  firm's  valuation 
ratio  and  the  probability  of  takeover  supports  the  weak  firm, 
but  not  the  strong  firm,  of  the  valuation  ratio  constraint.  The 
two  models  differ  in  that  in  (111)  the  probability  of  takeover 
increases  as  v decreases,  but  In  (115)  the  firm  Is  almost  bound 
to  be  acquired  If  v falls  below  v . In  problem  (115)  the 
managerial  Indifference  curves  would  not  be  like  those  In  figure 
11-18,  but  rather,  would  be  L-shaped  with  a comer  at  v ■ v . 

For  V < v^  there  would  be  only  disutility,  and  managers  would 
strive  all  out  to  attain  v.  . Once  v.  had  been  reached, 
utility  could  only  be  increased  by  achieving  faster  growth.  In 
short,  there  Is  a lexicographic  ordering  of  the  security  and 
growth  objectives.  Both  Borch  and  Rosenberg  have  questioned  the 
appropriateness  of  lexicographic  utility  functions  because  such 
functions  rule  out  a smooth  trade  off  between  the  primary  objec- 
tive (e.g.  growth)  and  security  (i.e.  Che  valuation  ratio).  See 
K.H.  Borch,  The  Economics  of  Uncertainty  (Princeton  University 
Press;  Princeton,  N.J. ; 1968),  ch.  2,  and  R.  Rosenberg,  "Profit 
Constrained  Revenue  Maximization:  Note,"  American  Economic  Review 
(vol.  61;  no.  1;  March  1971),  pp.  208-209. 

255.  It  should  be  noted  that  the  Issue  concerning  Just  what  constitutes 
an  empirical  'validation*  and  Just  what  constitutes  an  empirical 
'refutation'  of  an  economic  theory  or  of  an  economic  model  Involves 
conceptual  as  well  as  practical  difficulties.  See  A.G.  Papandreou, 
Economics  As  A Science  (Llpplncott;  New  York;  1958).  Unlike  the 
physical  sciences,  theories  and  models  in  economics  are.  In 
general,  not  amenable  to  scientific  testing  under  carefully  con- 
trolled conditions.  Models  that  are  tested  empirically  must  often 
be  tested  on  the  basis  of  historical  data  gathered  for  some  other 
purpose.  Since  a model  Is,  by  definition,  an  abstraction.  It  Is 
possible  for  two  or  more  alternative  models  to  be  'validated' 
using  the  same  set  of  data,  possibly  because  the  data  base  was 

not  broad  enough  to  facilitate  an  adequate  test  of  the  theories, 
or  possibly  because  the  alternative  theories  Implied  patterns  of 
behavior  sufficiently  similar  that  the  statistical  techniques 
utilized  In  the  test  were  not  powerful  enough  to  distinguish 
between  them.  In  addition,  there  la  the  conceptual  problem 
associated  with  'accepting'  any  theory,  namely,  that  a different 
set  of  data  — relating  to  a different  population  of,  say,  firms 
or  to  a different  period  of  time  -■  might  lead  to  'rejection'  of 
the  thoery.  That  la,  there  always  remains  the  question  concerning 


I 


I 

j 


491 


how  'general'  the  theory  is.  As  the  discussion  in  this  section 
indicates,  these  Issues  have  been  raised  in  connection  with 
empirical  results  offered  in  support  of  the  managerial  theories 
(and  in  contradiction  to  the  traditional  theories). 

256.  D.A.  Kuehn,  Takeovers  and  the  Theory  of  the  Firm,  op.  cit. 

Chapter  six,  which  offers  very  strong  support  for  the  growth 
maximization  hypothesis,  also  appears  in  Cowling,  Market  Structure 
and  Corporate  Behavior,  op.  cit.,  pp.  21-37. 

257.  Moreover,  the  manufacturing  sectors  of  the  American  and  British 
economies  are  not  so  dissimilar,  in  the  opinion  of  this  writer, 

as  to  prevent  Inferences  concerning  the  behavior  of  American  firms 
from  being  drawn  from  Kuehn 's  findings. 

258.  I.  Friend  and  M.  Puckett,  "Dividends  and  Stock  Prices,"  American 
Economic  Review  (vol.  54;  no.  5;  September  1964),  p.  657.  There 
is  also  evidence  that  large  institutional  investors  recently 
have  been  pressuring  corporations  to  Increase  dividends  and  that 
increased  dividends  have  helped  increase  share  prices.  For 
example,  when  Ford  Motor  Co.  recently  restored  20  cents  of  a 
previous  80  cent  cut  in  its  dividend  (per  share) , its  share  price 
rose  eight  percent  in  five  trading  days.  See  "Dividend-hungry 
investors  cry  for  more,"  Business  Week  (August  2,  1976). 

259.  Contrary  evidence  has  been  provided  by  Sorenson,  whose  study  of 
11  U.S.  industries  showed  that  management- control led  firms 
actually  had  a lower  (though  not  significantly  lower  at  the  .05 
level)  retention  ratio  than  owner-controlled  firms.  See  Sorenson, 
op.  cit. . pp.  145-148. 

260.  S.R.  Reid,  Mergers.  Managers,  and  the  Economy  (McGraw-Hill;  New 
York;  1968);  sTr.  Reid,  ”a  Reply  to  the  Weston/Manslnghka  Criticisms 
Dealing  With  Conglomerate  Mergers,"  Journal  of  Finance  (vol.  26; 

no.  4;  September  1971),  pp.  937-946;  and  J.  Bossons,  K.J.  Cohen, 
and  S.R.  Reid,  "Mergers  for  Whom  — Managers  or  Stockholders,"  in 
Economic  Concentration.  Part  5,  Hearings  Before  the  Subcommittee 
on  Antitrust  and  Monopoly,  U.S.  Senate,  89th  Congress,  2nd 
Session  (U.S.  Government  Printing  Office;  Washington,  D.C.,  1966). 
These  studies  conclude  that  the  stockholders  of  firms  that  actively 
engage  in  growth  by  acquisition  earn  lower  than  normal  returns. 

See  also  T.F.  Hogarty,  "The  Profitability  of  Corporate  Mergers," 
Journal  of  Business  (vol.  43;  no.  3;  July  1970),  pp.  317-327, 
for  a survey  of  empirical  research  of  the  profitability  of  mergers, 
which  concludes  that,  in  general,  mergers  have  a negative  impact 
on  the  profitability  of  acquiring  firms  and  a neutral  impact  on 
the  profitability  of  the  merged  (l.e.  acquiring  and  acquired 
firms  combined)  firm.  For  contrary  results  see  E.N.  Kelly,  The 
Profitability  of  Growth  through  Mergers  (Pennsylvania  State 
University  Press;  University  Park;  1967),  in  which  the  author 
concludes  that  active  acquiring  firms  are  neither  more  nor  less 
profitable  than  other  comparable  firms  in  the  same  Industry,  and 
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G.  M«ndelkf«r,  "Risk  and  Return:  The  Case  of  Merging  Firms," 

Journal  of  Financial  Economics  (vol.  1; 

pp.  303-335,  In  which  the  author  concludes  that,  when  the  returns 
to  shareholders  are  adjusted  for  risk,  shareholders  earn  the 
same  epxected  returns  from  an  acquisition  as  they  do  from  any 
other  investment  or  production  activity  Involving  similar  risk. 

261.  Wood,  Economic  Analysis  of  the  Corporate  Economy,  op.  clt. . p.  46. 
Wood  also  describes  the  practical  difficulties  one  would  encounter 
In  trying  to  determine  empirically  the  nature  of  the  utility 
function  and  the  growth-valuation  function  so  that  the  model  could 
be  carefully  tested  against  alternative  models  In  order  to  Inves- 
tigate the  significance  of  differences  In  managerial  motivation. 
Ibid. . pp.  43-48. 

262.  M.  Nerlove,  "Factors  Affecting  Differences  Among  Rates  of  Return 
on  Investments  In  Individual  Common  Stocks,"  Review  of  Economics 
and  Statistics  (vol.  50;  no.  3;  August  1968),  p.  328. 

263.  In  particular,  when  capital  markets  are  Imperfect,  shareholders 
are  not.  In  general.  Indifferent  between  dividends  and  capital 
gains.  The  share  valuation  formula  adopted  by  Harris  expresses 
the  share  price  in  terms  of  the  discounted  stream  of  dividends. 

But  when  capital  markets  are  Imperfect,  the  share  valuation 
formula  adopted  by  Harris,  and  the  alternative  valuation  proce- 
dures suggested  by  Miller  and  Modigliani,  are  not  necessarily 
equivalent.  See  footnote  139.  In  view  of  the  apparent  Imperfec- 
tions In  actual  capital  markets,  there  has  been  some  disagreement 
as  to  the  appropriate  share  valuation  formula.  In  particular, 
there  has  been  considerable  disagreement  as  to  the  relative 
significance  of  dividends  and  retained  earnings  In  determining 
share  prices.  See  Friend  and  Puckett,  op.  clt.;  Nerlove,  op.  clt. ; 
Miller  and  Modigliani,  op.  clt.;  M. J.  Gordon,  "Dividends,  Earnings, 
and  Stock  Prices,"  Review  of  Economics  and  Statistics  (vol.  41; 

no.  2;  May  1959),  pp.  99-105;  J.  Llntner,  "Dividends,  Earnings, 
Leverage,  Stock  Prices  and  the  Supply  of  Capital  to  Corporations," 
Review  of  Economics  and  Statistics  (vol.  44;  no.  3;  August  1962), 
pp.  243-269;  and  B.  Graham,  D.L.  Dodd,  and  S.  Cottle,  Security 
Analysis.  4th  ed.  (McGraw-Hill;  New  York;  1962).  Gordon  and  Graham 
et  al. , for  example,  argue  that  a dollar  of  dividends  has  four  times 
the  Impact  of  a dollar  of  retained  earnings  on  share  prices. 

264.  Yarrow,  Managerial  Utility  Maximization  under  Uncertainty,  op.  clt. , 
pp.  164-170. 

265.  Ibid.,  pp.  158-160,  165. 

266.  It  should  be  noted  that  the  share  valuation  formula  used  by  Harris 
Is  Identical  to  the  Sharpe-Llntner-Mossln  valuation  formula  when 
expected  returns  In  the  latter  are  Interpreted  as  the  discounted 
stream  of  returns  to  each  share  (rather  than  as  the  current  period 
returns  to  each  share,  as  Is  done  In  the  single  period  context  to 
which  the  formula  Is  normally  applied).  See  W.  Sharpe,  "Capital 
Asset  Prices:  A Theory  of  Market  Equilibrium  under  Conditions 

of  Risk,"  Journal  of  Finance  (vol.  19;  no.  3;  September  1964), 
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pp.  425-442;  J.  Llntner,  "The  Valuation  of  Risk  Assets  and  the 
Selection  of  Risky  Investments  In  Stock  Portfolios  and  Capital 
Budgets,"  Review  of  Economics  and  Statistics  (vol.  5,  no.  1; 

February  1965),  pp.  13-37;  and  J.  Mossln,  "Equilibrium  In  a Capital 
Asset  Market,"  Econometrlca  (vol.  34;  no.  5;  October  1966), 
pp.  768-783.  Their  valuation  model  Is  of  the  form 

V - (*) 

where  V Is  the  stock  market  value  of  the  security,  y Is  the 
expected  returns  to  each  share,  R Is  the  market  price  of  risk, 
b Is  a measure  of  the  riskiness  of  the  security's  returns  (rela- 
tive to  some  market-related  Index),  and  r Is  the  riskless  rate 
of  Interest.  [Note  that  this  differs  from  Modigliani's  and  Miller's 
valuation  model  In  which  the  adjustment  for  risk  is  made  In  the 
denominator  of  the  valuation  formula.  Modigliani  and  Miller, 
op.  clt. . pp.  267,  271.  Under  appropriate  conditions  the  two 
approaches  to  handling  risk  can  be  made  equivalent.  See,  for 
example,  Mossln,  Theory  of  Financial  Markets,  op.  clt..  p.  84,  or 
Sherman,  The  Economics  of  Industry,  op.  clt. . pp.  112-114.]  Under 
certainty,  risk  Is  zero  and  V » y/r  . But  y Is  the  returns  to 
each  share,  which  consists  of  dividends  plus  capital  gains,  and 
under  the  assumption  of  perfect  capital  markets,  r Is  the  unique 
rate  of  Interest.  It  follows  then,  from  Miller's  and  Modigliani's 
fundamental  principle  of  valuation,  that  V » y/r  with  y Inter- 
preted as  the  discounted  stream  of  returns  to  each  share  and 
Marrls's  V (see  equation  (108)  above)  are  the  same.  Equation  (*) 
suggests  that,  to  modify  the  Marrls  model  to  allow  for  uncertainty, 
the  appropriate  risk  prestlum  should  be  subtracted  from  the  niaerator 
of  the  valuation  formula  [or  given  the  comments  In  brackets  above, 
the  discount  rate  In  the  denominator  could  be  adjusted  upward  in 
a suitable  manner  to  reflect  risk] , This  might  also  be  accomplished 
by  using  the  multiperiod  version  of  the  Sharpe-Llntner-Mossln 
valuation  formula  discussed  In  G.V.G.  Stevens,  "On  the  Impact  of 
Uncertainty  on  the  Value  and  Investment  of  the  Neoclassical  Firm," 
American  Economic  Review  (vol.  64;  no.  3;  June  1974),  pp.  319-336. 

267.  A model  Incorporating  such  arguments  In  the  managerial  utility 
function  Is  discussed  In  the  next  subsection. 

268.  The  Issues  Involved  In  determining  such  a collective  utility 
function  for  management  are  the  same  as  those  that  have  been 
discussed  In  connection  with  trying  to  specify  a 'social  welfare 
function'  for  making  collective  decisions.  See  G.M.  Heal,  The 
Theory  of  Economic  Planning  (North-Holland;  Amsterdam;  1973), 

ch.  2.  In  essence,  the  problem  Involves  determining  how  to  weight 
the  preferences  of  Individuals  — as  embodied  In  each  person's 
utility  function  — so  as  to  arrive  at  a social  utility  function. 

269.  A theory  of  the  firm  that  reflects  the  sociological  nature  of 
the  firm  Is  discussed  below  in  section  H of  this  chapter. 
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270.  This  means  chat  marginally  profitable  or  improfltable  divisions 
are  shed,  growth  plans  are  shelved,  and  the  company  retrenches. 

M.  Bralove,  "A&P  to  Close  Third  of  Its  Stores,  Set  $195  Million 
Reserve,"  Wall  Street  Journal  (March  14,  1975);  R.E.  Winter, 

"Firms  Drop  Operations  To  Lower  Their  Costs  and  Preserve  Capital," 
Wall  Street  Journal  (March  17,  1975);  P.P.  Drucker,  "Aftermath  of 

a Go-Go  Decade."  Wall  Street  Journal  (March  25,  1975);  and  "Thinking 
Small,"  Newsweek  (June  2,  1975).  Once  the  upswing  has  begun,  the 
emphasis  switches  back  Co  growth.  To  quote  Frank  Beaudlne, 
president  of  the  Chicago-based  executive  search  firm  of  Eastman 
& Beaudlne,  "Job  searches  a year  ago  were  for  cost-cutters.  Now 
[private  companlesj  want  someone  to  set  up  a new  marketing  program  . . . 
companies  are  thinking  growth."  "A  seller's  market  in  executive 
talent,"  Business  Week.  (July  5,  1976). 

271.  A steady  state  growth  model  may  also  be  criticized  on  three 
other  grounds.  First,  firms  may  find  It  to  their  advantage  to 
accept  slower  growth  one  period  If  that  makes  possible  more  rapid 
growth  the  next  (and  possibly  higher  overall  growth  as  a result) 
or  vice  versa.  Second,  In  reality,  the  firm's  growth  pattern  may 
follow  a 'growth'  curve,  with  larger  size  Implying  a slower 
average  growth  rate.  Marris  recognizes  these  posslblitles,  but 
excludes  them  from  his  model.  Marris,  A Model  of  the  'Managerial' 
Enterprise,  op.  clt..  p.  192.  Third,  as  the  firm  expands,  it 

may  reach  a 'critical  phase'  in  which  internal  reorganization  is 
needed  before  further  expansion  can  take  place  efficiently. 

See  Flllppl  and  Zanettl,  op.  clt. . pp.  163-171.  However,  this 
third  point  generally  applies  to  small  firms. 

272.  Williamson  has  provided  several  versions  of  his  basic  model.  The 
first  to  appear  in  the  literature  was  presented  In  O.E.  Williamson, 
Managerial  Discretion  and  Business  Behavior,  op.  clt..  pp.  1032- 
1057. This  version  reappeared  as  the  "staff  and  emoluments  model" 

In  O.E.  Williamson,  The  Economics  of  Discretionary  Behavior,  op. 
clt. . pp.  52-54.  This  subsection  begins  by  describing  this  model. 

In  which  managerial  utility  Is  a function  of  the  following  three 
arguments:  staff,  managerial  emoluments,  and  discretionary  profit. 

A somewhat  simpler  version  of  the  model.  In  which  staff  expendi- 
ture was  defined  to  Include  managerial  emoluments,  appeared  as  the 
"staff  model"  in  Ibid. . pp.  40-49,  and  as  the  "basic  model"  In 
O.E.  Williamson,  Corporate  Control  and  Business  Behavior,  op.  clt. . 
pp.  54-63.  To  facilitate  a geometric  Interpretation  of  the 
Williamson  model,  this  second  version  is  discussed  later  In  the 
subsection.  It  should  be  noted  that.  In  addition  to  the  formula- 
tion of  his  basic  model  in  The  Economics  of  Discretionary  Behavior 
and  In  Corporate  Control  and  Business  Behavior.  Williamson  applies 
the  model  to  public  utilities,  though  in  a slightly  different 
fashion  in  each  book.  Since  this  subsection  is  only  concerned 
with  Williamson's  basic  model,  this  particular  application  is  not 
explored  here.  Finally,  Williamson  has  also  developed  a managerial 
model  that  Is  similar  to  his  basic  model  and  that  allows  for  the 
existence  of  uncertainty.  See  O.E.  Williamson,  "A  Dynamic  Stochastic 
Theory  of  Managerial  Behavior,"  in  A.  Phillips  and  O.E.  Williamson, 
eds.  Prices;  Issues  in  Theory.  Practice,  and  Public  Policy 
(University  of  Pennsylvania  Prass;  Philadelphia;  1967),  pp.  11-31. 
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273.  In  Corporate  Control  and  Bualnesn  Behavior,  staff  expenditure  Is 
defined  to  Include  managerial  emoluments,  thereby  reducing  the 
number  of  arguments  In  the  managerial  utility  function  from  three 
to  two.  This  simplification  Implies  that  the  marginal  rate  of 
substitution  between  staff  expenditures  and  managerial  emoluments 
Is  constant  and  equal  to  one,  l.e.  adding  a dollar's  worth  of 
staff  expenditure  has  the  same  effect  on  managerial  utility  as 
adding  a dollar's  worth  of  managerial  emoluments. 

274.  Simon,  The  Compensation  of  Executives,  op.  clt..  pp.  32-35. 

275.  Emoluments  are  economic  rents.  Associated  with  them  are  zero 
productivltes;  that  is,  "they  are  not  a return  to  entrepreneurial 
capacity  but  rather  result  from  the  strategic  advantage  that  the 
management  possesses  in  the  distribution  of  the  returns  to  monopoly 
power."  See  O.E.  Williamson,  Managerial  Discretion  and  Business 
Behavior,  op.  clt. . p.  1035.  While  it  might  appear  that  managers 
would  prefer  to  receive  the  cash  equivalent  of  emoluments  as 
salary,  according  to  Williamson  this  is  not  the  case.  Managers 
find  emoluments  attractive  for  two  reasons:  there  are  tax  advan- 
tages to  receiving  Income  In  kind  (e.g.  meals  bought  on  an  expense 
account  or  company-provided  limousine  with  chauffeur  are  not  part 
of  the  Individual's  taxable  Income,  whereas  the  equivalent  sum 

as  salary  would  be  subject  to  personal  Income  tax)  and  they  are 
also  less  visible  than  salary  to  shareholders  and  unions,  and  when 
shareholders  are  dlssatslfled  or  unions  are  negotiating  wages, 
the  level  of  executive  salaries  Is  frequently  brought  up  during 
the  course  of  discussions.  See  Gordon,  Business  Leadership  In 
the  Large  Corporation,  op.  clt.,  p.  164.  In  practice,  determining 
what  portion  of  executive  compensation  Is  discretionary  would  be 
very  difficult,  which  Is  one  of  the  reasons  Williamson  later 
lumped  staff  expenditures  and  emoluments  together  into  a single 
variable. 

276.  Williamson's  reported  profit,  1T  , corresponds  to  (though  Is  not 
equal  Identically  to)  net  operating  income  In  the  Income  state- 
ment Illustrated  In  table  II-2.  According  to  (117),  it  understates 
net  operating  Income  to  the  extent  of  managerial  emoluments,  M , 
which  serve  to  inflate  administrative  salaries  as  well  as  other 
components  of  general  and  administrative  expenses  listed  In  the 
Income  statement.  Williamson's  discretionary  profit,  it  , 
corresponds  to  (though,  on  account  of  tt  , Is  not  equal°lden- 
tlcally  to)  that  portion  of  net  Income  iS  excess  of  the  required 
minimum,  IT 

o 

277.  For  simplicity  It  Is  assumed  that  there  Is  a single  output.  The 
demand  function  for  this  good  can  be  expressed  as  P ••  P(Y,S)  , 
where  P Is  the  price  of  the  good.  To  appreciate  the  dependence 
of  P on  S , recall  that  S Includes  advertising  outlays. 

Then  R - P(Y,S)*Y  - R(Y,S). 
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This  follows  Che  approach  adopted  by  Williamson.  If  comer 
solutions  are  Co  be  permitted,  Chen  the  Kuhn-Tucker  conditions  for 
Che  Inequality-constrained  problem  can  be  written  down  and  solved. 

At  the  corner  solution,  discretionary  profit  Is  zero.  The  Lagrange 
multiplier  measures  Che  marginal  utility  of  a reduction  of  one 
unit  (l.e.  one  dollar)  In  Che  profit  constraint  ir  . The  decision 
variables  must  satisfy  one  of  two  sets  of  condltloSs.  (1)  3U/dS  ■ 3U/3M 
■ 0 and  X ■ 3U/9n  ■ - 3U/3ii^  , l.e.  the  firm's  managers  are 
satiated  with  respect  to  sCaff°and  also  with  respect  to  emoluments, 
which  Is  probably  a rare  occurrence  (and  which  is  rendered 
Impossible  by  Che  usual  assumption  Chat  all  first  partial  deriva- 
tives of  the  utility  function  are  strictly  positive,  l.e.  chat 
satiation  Is  Imoosslble^  (11)  or  3R/3Y  - dC/dY  , 

3»/as  ■ 1 - r<5u75vW  • •“*  . 

which  are  Identical  to  (126)-(128)  when  X <■  0 . In  this  case, 

Che  managers'  freedom  to  trade  off  ir  for  S or  H Is  con- 
strained. That  Is,  If  the  firm  Is  In'* equilibrium  and  the  con- 
straint j ^ 0 Is  binding,  Chen  any  attempt  Co  raise  S or 
M (or  both)  by  reducing  ir  would  cause  not  only  the  loss  In 
utility  due  to  Che  reductlofi  In  tt  but  also  the  Implied  loss  In 
utility  due  to  violation  of  the  constraint.  This  secondary  effect 
Is  allowed  for  by  adjusting  3U/3‘irj  by  X . 

31]  3tl  3II 

Equations  (123)- (125)  are  also  satisfied  when  “ 35  ” ^ ® * 

which  Implies  satiation  with  respect  Co  each  of  d 
the  arguments  of  the  managerial  utility  function.  If  satiation 
Is  ruled  out,  Chen  this  solution  Is  no  longer  possible. 

280.  Not  shown  In  figure  11-20  are  the  positions  of  the  profit  maxi- 
mizer's revenue  and  cost  functions.  Since  Che  profit  maximizer 
would  spend  less  on  staff  (S  rather  than  S*  In  figure  11-19), 

Che  demand  and  marginal  revenue  curves  for  a profit  maximizer 
would  lie  below  chose  of  the  Williamson- type  firm  (^. e.  the 
Wllllamson-type  firm  would  spend  an  additional  S*-S  on  staff 
(Including  advertising),  thereby  causing  Its  demand  and  marginal 
revenue  curves  to  lie  Co  the  right  of  the  profit  maximizer's). 

In  addition.  If  nonadvertising  staff  expenditures  are  pushed 
beyond  Che  profit  maximizing  level,  then,  as  long  as  these  expen- 
ditures (l.e.  the  additional  staff  hired)  have  a positive  marginal 
product,  the  Wllllamson-type  firm's  marginal  production  cost  curve 
will  lie  to  the  right  of  the  prof It-maxlmlzer' s.  Thus  the  effects 
of  Che  Increases  In  advertising  and  nonadvertlslng  staff  expen- 
ditures reinforce  one  another  and  cause  the  Wllllamson-type  firm's 
output  Co  be  higher  than  Che  short  run  profit  maximizer's. 

281.  See  O.E.  Williamson,  Managerial  Discretion  and  Business  Behavior. 
op.  clt..  p.  1052.  While  the  eiiq>lrlcal  results  are  more  than  ten 
years  old,  Williamson's  conclusions  remain  valid.  During  Che 
recent  recession  Che  business  literature  — Business  Week.  Forbes . 

Fortune,  the  Wall  Street  Journal,  etc.  — abounded  with  articles 
describing  companys'  efforts  Co cut  discretionary  spending  of  the 
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type  described  by  Wllllsason.  For  exaaple,  see  "Charging  lass 
to  expense  accounts,"  Business  Week  (January  27,  1975),  and 
G.  Bronson,  "Profit-Pinched  Firms  Extend  Cost  Cutting  Down  to 
Paper  Clipa,"  Wall  Street  Journal  (January  30,  1975).  Profits 
were  so  pinched  at  Playboy  Enterprises  Inc.  that  the  company 
sold  off  the  corporate  jet  (sans  bunnies,  however). 

282.  Ibid. , p.  1052. 

283.  Though  retained  earnings  do  not  appear  in  his  model,  Williamson 
is  very  much  aware  of  their  significance  to  awnagers.  An  impor- 
tant Influence  in  this  regard  is  the  extent  of  Internal  represen- 
tation on  the  board  of  directors.  Williamson's  empirical  results 
imply  that  the  higher  the  proportion  of  Internal  representation, 
the  higher  the  level  of  executive  compensation  and  the  higher  the 
eamlngs-retentlon  ratio,  which  Increases  the  amount  of  funds 
"available  to  the  management  for  the  pursuit  of  expansionary 
objectives,  and  the  resulting  investment,  being  based  on  a com- 
bination of  profit  and  expansionary  goals,  will  exceed  the  amount 
dictated  by  profit  considerations  alone.”  Ibid. , p.  1051.  Thus, 
the  implications  of  the  Williamson  model  are  not  inconsistent  with 
those  of  the  Harris  model,  though  the  Harris  model  treats  the 
growth  of  the  firm  explicitly,  whereas  the  Williamson  model  does 
not. 

284.  J.H.  Williamson,  op.  cit. , pp.  3,  9-14.  In  the  J.H.  Williamson 
model  the  firm  sacrifices  profit  by  pushing  the  growth  rate 
beyond  the  optimum,  rather  than  by  pushing  the  sales  level  beyond 
the  optimum.  See  also  Weedham,  op.  cit..  pp.  6-8. 

285.  S.  Peterson,  "Corporate  Control  and  Capitalism,"  Quarterly  Journal 
of  Economics  (vol.  79;  no.  1;  February  1965),  pp.  1-24.  This 
point  is  disputed  by  Galbraith.  See  Galbraith,  The  New  Industrial 
State,  op.  cit..  p.  172. 

286.  See  page  2H2.  of  this  chapter. 

287.  Solow,  op.  cit..  pp.  341-342. 

288.  It  is,  however,  an  Important  question.  For  If  non-profit-maximising 
behavior  is  "close"  to  proflt-mexlmlsing  behavior,  it  may  prove 
simpler,  as  Hechlup  argues,  to  stick  with  the  profit  maximization 
assumption.  See  Hachlup,  op.  cit.,  p.  5. 

289.  Ibid.,  p.  5. 

290.  A study  conducted  by  Honsen,  Chiu,  end  Cooley  found  that  owner- 
controlled  firms  earned  a significantly  higher  rate  of  return  on 
equity  then  manager-controlled  firms.  Subsequent  studies  by 
Kemerachen.  Lamer,  Elliott,  Sorenson,  and  Kanla  end  HcKean  found 
no  conalstant  differences  In  profitability  or  the  returns  to 
shareholders  between  these  two  types  of  firms.  A more  recent 
study  by  Stano  supports  Honsen  at.  el.  A study  by  Palmer  fells 
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between  Che  two  extreaes  by  showing  chat  Che  extent  of  managerial 
control  affects  profit  rates  only  for  firms  that  enjoy  a high 
degree  of  monopoly  power.  In  addition,  Stano's  results  indicate 
Chat  manager-controlled  firms  take  greater  risks,  although  the 
opposite  conclusion  was  reached  in  a study  by  McEachem.  See 
R.J.  Monsen,  J.S.  Chiu,  and  D.E.  Cooley,  "The  Effect  of  Separation 
of  Ownership  and  Control  on  Che  Performance  of  the  Large  Firm," 
Quarterly  Journal  of  Economics  (vol.  82;  no.  3;  August  1968), 
pp.  435-451;  D.R.  Kamerschen,  "The  Influence  of  Ownership  and 
Control  on  Profit  Rates,"  American  Economic  Review  (vol.  58; 
no.  3;  June  1968),  pp.  432-447;  Lamer,  op.  cit. , ch.  3;  J.W. 
Elliott,  "Control,  Size,  Growth,  and  Financial  Performance  in 
the  Firm,"  Journal  of  Financial  and  Quantitative  Analysis  (vol. 

7;  no.  1;  January  1972),  pp.  1309-1320;  R.  Sorenson,  "The  Separation 
of  Ownership  and  Control  and  Firm  Performance:  An  Empirical 
Analysis,"  Southern  Economic  Journal  (vol.  41;  no.  1;  July  1974), 
pp.  145-148;  J.J.  Kanla  and  J.R.  McKean,  "Ownership,  Control,  and 
the  Contemporary  Corporation:  A General  Behavior  Analysis," 

Kyklos  (vol.  29;  no.  2;  1976),  pp.  272-291;  M.  Stano,  "Monopoly 
Power,  Ownership  Control,  and  Corporate  Performance,"  Bell  Journal 
of  Economics  (vol.  7;  no.  2;  Autumn  1976),  pp.  672-679;  J.P.  Palmer, 
"The  Profit-Performance  Effects  of  the  Separation  of  Ownership 
from  Control  in  Large  U.S.  Industrial  Corporations,"  Bell  Journal 
of  Economics  and  Manageaient  Science  (vol.  4;  no.  1;  Spring  1973), 
pp.  293-303;  and  U.A.  McEachern,  ^'Corporate  Control  and  Risk," 
Economic  Inquiry  (vol.  14;  no.  2;  June  1976),  pp.  270-278.  In 
summary,  then,  the  empirical  evidence  to  date  is  not  conclusive 
with  regard  to  how  sensitive  the  firm's  profitability  and  the 
rate  of  return  earned  by  its  shareholders  are  with  respect  to 
the  degree  of  managerial  control. 

291.  The  basic  references  are  Cyert  and  March,  op.  cit..  Cohen  and  Cyert, 
op.  cit..  ch.  16;  and  Monsen  and  Downs,  op.  cit.  A critical 
appraisal  of  the  behavioral  theory,  and  in  particular,  the  mark- 
up pricing  models  of  Cyert  and  March,  is  provided  in  Baumol  and 
Stewart,  op.  cit.  An  interesting  discussion  of  the  behavioral 
theory  in  relation  to  the  traditional  and  managerial  theories  can 
be  found  in  Machlup,  op.  cit..  and  also  in  Sllberston,  Price 
Behavior  of  Firms,  op.  cit..  pp.  534-541.  An  attempt  to  achieve 

a S3mthesl8  of  the  three  theories  is  provided  in  A.  Phillips, 

"An  Attempt  to  Synthesize  Some  Theories  of  the  Firm,"  in  Phillips 
and  Williamson,  op.  cit..  pp.  32-44. 

292.  Cohen  and  Cyert,  op.  cit..  p.  330;  and  Baimol  and  Stewart,  op.  cit.. 
p.  118.  This  line  of  argument  reflects  the  view  that  one  of  the 
criteria  by  which  a model  should  be  Judged  is  the  empirical  testa- 
bility of  its  implications.  See  Papandreou,  op.  cit..  cha.  1,7. 

293.  Cyert  and  March,  op.  cit..  ch.  3,  and  Monsen  and  Downs,  op.  cit. 
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Cyert  and  March,  op.  cit..  pp.  8-10;  H.A.  Sinon,  Adalnlstratlve 
Behavior.  2nd  ed.  (Macadllan;  New  York;  1957),  pp.  xxlv-xxvl;  and 
H.A.  Simon,  "Theories  of  Declslon-Haklng  in  Economics  and  Behavioral 
Science,"  American  Economic  Review  (vol.  49;  no.  3;  June  1959), 
pp.  262—265.  See  also  H.  Lelbensteln,  "Allocative  Efficiency  vs. 
'X-Efflciency' ,"  American  Economic  Review  (vol.  56;  no.  3;  June 
1966) , pp.  406-409. 

295.  Cyert  and  March,  op.  clt..  pp.  19-21;  Cohen  and  Cyert.  op.  cit.. 

p.  330.  

296.  H.A.  Simon,  "A  Behavioral  Model  of  Rational  Choice."  Quarterly 
Journal  of  Economics  (vol.  69;  no.  1;  February  1955),  pp.  99- 

118;  Simon,  Theories  of  Declslon-Maklna  In  Economics  and  Behavioral 
Science,  op.  clt.;  Cyert  and  March,  op.  clt.;  and  Cohen  and  Cyert, 
op.  clt. 

297.  Cyert  and  March,  op.  clt..  pp.  1-3.  As  argued  below,  their 
theories  have  not  as  yet  achieved  such  general  validity.  For  an 
Interesting  discussion  of  some  of  the  difficulties  that  the 
behavlorallst  researchers  have  encountered  see  H.A.  Simon,  "New 
Developments  In  the  Theory  of  the  Firm,"  American  Economic  Review 
(vol.  52;  no.  2;  May  1962),  pp.  1-15. 

298.  For  example,  the  Cyert  and  March  study  of  department  store  pricing, 
trhlch  Is  discussed  below.  Cyert  and  March  reported  that  some 
department  store  mark-ups  had  been  stable  for  nearly  half  a 
century.  See  Cyert  and  March,  op.  clt..  p.  138. 

299.  Baumol  and  Stewart,  op.  clt. 

300.  Ibid.,  p.  119. 

301.  Ibid. . p.  119.  In  testing  the  mark-up  pricing  models  of  Cyert 
and  March,  Baumol  and  Stewart  found  that  the  rules  of  thumb  did 
change  over  time.  In  particular,  mark-ups  Increased  In  response 
to  Increasing  costs,  though  the  Cyert  and  March  model  "gives  us 
no  clue  as  to  the  response  In  the  values  of  Its  parameters  to 
such  exogenous  changes  In  the  economic  data,  and  this  clearly 
limits  the  analytic  power  of  the  conatruct."  Ibid. . p.  133. 

302.  Cohen  and  Cyert,  op.  clt..  p.  330. 

303.  Ibid.,  p.  330. 

304.  Cyert  and  March,  op.  clt..  p.  21. 

305.  Ibid.,  p.  26. 

306.  Cyert  and  M«.rch  acknowledge  that,  in  reality,  there  may  be  more 
than  five  goala,  but  argue  that  the  five  goala  they  liat  are  the 
moat  rapreaentatlve  and  that  listing  additional  goala  would 
quickly  Involve  diminishing  returns.  Ibid. . pp.  40-41. 
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By  way  of  contrast,  in  the  traditional  theory  of  the  firm,  the 
goal  of  the  owners  — ■axlmum  total  profit  — is  the  goal  of  the 
flra.  In  the  managerial  models,  the  goal  of  the  managers  (whose 
goals  are  either  identical  or  else  somehow  Incorporated  into  one 
grand  managerial  utility  function)  is  the  goal  of  the  firm.  In 
each  case  conformance  to  the  single  goal  was  purchased  by  payments 
of  wages  to  workers,  interest  to  sources  of  capital,  dividends  to 
stockholders,  etc.  The  behavioral  theory  can  be  regarded  as 
more  general  in  that  it  is  consistent  with  these  extreme  cases 
of  one  ascendant  subcoalition,  trhlle  also  allowing  for  interactions 
aiBong  the  various  competing  Interest  groups.  It  should  be  noted 
that  the  aggregation  of  the  goals  of  the  members  of  the  coalition 
into  a set  of  corporate  goals  requires  the  adoption  of  a social 
choice  rule  for  this  purpose  and  that  the  selection  of  a 'best' 
social  choice  rule  involves  theoretical  as  well  as  practical 
difficulties.  See  Heal,  op.  cit.,  ch.  2. 


utility  curve 


goal 

possibilities 

curve 


higher  pfirforman<^ 
Figure 


pair  may  lie  aomcwhara  elaa  on  the  goal  possibilities  curve  (e.g. 
at  D) , or  possibly  even  Inside  the  curve  (e.g.  at  E).  In  this 
latter  case  the  gosl-settlng  process  Is  said  to  be  'goal  Inefficient.' 

309.  This  second  example  suggests  a correspondence  betiraen  organiza- 
tional slack  and  the  managerial  emoluments  and  staff  components 
of  Oliver  Williamson's  manap'rfcl  model  discussed  In  the  previous 
section. 

310.  Note  the  contrast  with  the  traditional  theory.  In  which  It  Is 
assumed  that,  for  any  given  output  level,  the  firm  Is  producing 
at  minimum  cost. 

311.  Cyert  and  March,  op.  clt.,  pp.  36-38. 

312.  Ibid. . pp.  36-38. 

313.  Ibid. . pp.  146-147. 

314.  Cohen  and  Cyert,  op.  clt.,  pp.  339-350. 

315.  For  example,  Minnesota  Mining  6 Manufacturing  Co.  produces 
35,000  different  products.  See  "Minnesota  Mining  - A New  Ball 
Game?",  Forbes  (July  1,  1976),  p.  34. 

316.  Cyert  and  March,  op.  clt.,  ch.  7.  See  also  W.J.  Baumol  and  R.E. 
Quandt,  "Rules  of  Thumb  and  Optimally  Imperfect  Decisions," 

American  Economic  llevlsm  (vol.  56;  no.  2;  March  1964),  pp,  23-46, 
and  R.M.  Cyert  and  M.I.  Kamlen,  "Behavioral  Rules  and  the  Theory 
of  the  Firm,"  In  Phillips  and  Williamson,  op,  clt.,  pp.  1-10. 

317.  Baumol,  Business  Behavior.  Value  and  Growth,  op.  clt. , p.  29. 

Since  decision-making  Is  not  costless  — the  Information  needed  to 
make  a decision  must  be  gathered  and  processed  — reliance  on 
simple  rules  of  thuad>  can  be  seen  as  an  attempt  to  minimize  the 
costs  associated  with  the  declslon-maklng  process.  When  a decision 
Is  not  crucial,  the  relatively  Inexpensive  approxlmste  solution 
reached  with  the  aid  of  some  rule  of  thumb  may  be  more  cost  effec- 
tive than  one  obtained  by  means  of  a more  costly  optimizing  proce- 
dure. See  Baumol  and  Quandt,  Rules  of  Thuizb  and  Optimally  Imperfect 
Decisions,  op.  clt.,  p.  23,  and  S.G.  Winter,  Jr.,  ''Satisficing, 
Selection,  and  the  Innovating  Remnant,"  Qtiarterly  Journal  of 
Economics  (vol.  85;  no.  2;  May  1971),  p.  242. 

318.  Cyert  and  March,  op.  clt..  p.  102,  and  Herendeen,  op.  clt.. 
pp.  57-58.  Indeed,  In  an  uncertain  world,  mark-up  pricing  may 
even  be  consistent  with  'profit-maximizing*  behavior.  See 
Sylos-Lablnl,  op.  clt..  pp.  26-32. 

319.  Herendeen,  op.  clt..  p.  58. 
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Cyert  and  March,  op.  clt..  pp.  138,  147.  Cyert  and  March  actually 
uaed  three  pricing  models:  a mark-up  model  for  normal  Items,  a 
sale-pricing  model,  and  a mark-dom  model  that  was  used  by  the 
store  for  special  sales  or  when  inventory  levels  of  some  items 
proved  unsatisfactory.  The  mark-up  model  distinguished  three 
classes  of  goods:  'standard  Items',  'exclusive  Items'  that  were 
not  carried  by  competitors,  and  'import  items'.  The  test  results 
cited  in  the  text  refer  to  the  mark-up  model  applied  to  'standard 
items',  i.e.  non-import  items  carried  also  by  competitors.  The 
mark-up  policy  for  these  items  is  called  a 40  percent  mark-up  by 
Cyert  and  .March;  though  it  is  not  a 40  percent  mark-up  over 
average  variable  cost,  but  rather,  the  mark-up  represents  40 
percent  of  the  retail  price  (before  rounding). 


This  is  not  meant  to  lBq)ly  that  mark-up  pricing,  or  more  generally, 
the  use  of  rules  of  thumb,  actually  is  perfectly  consistent  with 
profit-maximizing  behavior.  Although  most  economists  would  argue 
that  it  is  not  strictly  consistent,  conclusive  empirical  evidence 
is  lacking.  Moreover,  there  exists  some  doubt  as  to  whether  it 
is  even  possible  to  subject  this  question  to  a meaningful  empirical 
test.  Ibid. . p.  136. 


Equation  (134)  requires  that  n > 1 , which  will  hold  if  the  firm 
is  maximizing  profit  since  MR  ■ MC  and  MC  > 0 imply  that 
n > 1 . See  footnote  182. 


Herendeen  presents  a somewhat  more  comple:c  model  that  makes  the 
quantity  of  output  sold  a function  of  advertising  outlays,  the 
mark-up,  the  state  of  demand,  and  the  average  price  charged  by 
other  firms.  In  his  model,  as  in  (134),  the  optimal  mark-up  is 
Independent  of  the  average  variable  cost  of  production.  See 
Herendeen,  pp.  cit.,  pp.  159-162. 


326.  O.E.  Williamson,  The  EconoKics  of  Discretionary  Behavior,  op.  cit 

pp.  10-11. 


See  Silberston,  op.  cit. . p.  536,  and  Baumol  and  Stewart,  op. 
cit. , p.  133.  Cyert  and  March  were  not  unaware  of  this  problem. 

See  Cyert  and  March,  op.  cit..  ch.  8.  The  comments  in  the  text 
are  not  meant  to  imply  that  a model  cannot  be  considered  a worthy 
contribution  to  the  theory  of  the  firm  unless  it  has  been  tested 
empirically.  Where  the  purpose  of  the  model  is  to  explain,  rather 
than  to  predict,  as  in  the  case  of  the  behavioral  models,  setting 
up  an  empirical  test  is  Inherently  more  difficult.  There  still 
remains,  however,  a general  feeling  that  "meaningful  theory  ...  is 
theory  capable  of  being  refuted  by  reference  to  empirical  data." 
Papandreou,  op.  cit..  p.  7.  See  also  Samuelson,  Foundations  of 
Economic  Analysis,  op.  cit. . p.  4,  and  footnote  255  of  this  chapter 


328.  Machlup,  op.  cit 


329.  Baumol  and  Quandt,  Rules  of  Thumb  and  Optimally  Imperfect  Decisions 
op.  cit. 


The  obvious  example  is  the  recent  improvements  in  the  state  of 
inventory  theory,  which,  when  coupled  with  the  enhanced  data 
handling  capabilities  provided  by  computer-based  Information 
systems,  have  led  to  a major  Improvement  in  industry's  Inventory 
management. 


However,  it  could  be  argued  that,  if  these  models  are  viewed  in 
the  context  of  a general  equlllbritmi  model  of  capital  markets, 
the  role  of  external  finance  is  subsumed.  That  is,  the  stock 
market  and  the  bond  market  will  permit  to  come  into  existence 
only  those  firms  that  are  sufficiently  attractive  to  potential 
investors  that  the  necessary  funds  can  be  raised  through  the 
Issuance  of  equity  shares  and  bonds. 


See  section  C of  chapter  one  of  this  paper.  In  what  follows  the 
terms  'money  capital'  and  'financial  capital'  are  used  synonomously 
The  distinction  between  financial  (or  money)  capital  and  real 
capital  is  drawn  nicely  in  Vickers,  op.  cit..  pp.  105-106. 


333.  See  Harcourt,  op.  cit..  especially,  ch.  1 


The  securities  that  are  issued  may  take  any  one  of  several  forms, 
slthough  those  models  of  the  firm  that  incorporate  finance 
typically  consider  the  following  two  classes  of  securities: 

(i)  debt  Instruments  (i.e.  bonds,  notes,  and  other  fixed  interest 
securities)  and  (ii)  equity  Instruaants  (i.e.  common  stock). 

Note  that  bank  loans  are  typically  treated  in  the  same  manner  aa 
bonds,  rather  than  aa  a separate  mode  of  financing. 


For  example,  Veblen,  whose  The  Theory  of  Business  Enterprise  was 
first  published  in  1904,  recognized  Che  Importance  of  financial 
capital,  arguing  that  through  borrowing  the  firm  could  increase 
the  rate  of  return  on  equity  as  long  as  Che  rate  of  return  on 
Invested  capital  exceeded  Che  rate  of  interest  on  the  borrowed 
funds.  T.  Veblen,  The  Theory  of  Business  Enterprise  (Mentor; 

New  York;  1958),  ch^  T.  See  also  0.  Lange,  "The  Place  of  Interest 
in  the  Theory  of  Production,"  Review  of  Economic  Studies  (vol.  3; 
June  1936),  pp.  159-192;  J.A.  Schumpeter,  The  Theory  of  Economic 
Development  (Oxford  University  Press;  Fair  Lawn,  N.J.;  1961), 
ch.  3 (first  published  in  1911) ; and  T.  Scitovsky,  Welfare  and 
Competition,  rev.  ed.  (Allen  & Unwin;  London;  1971),  ch.  9. 


335.  Leland,  Production  Theory  and  the  Stock  Market,  op.  cit 
See  also  Vickers,  op.  cit.,  pp.  108-109. 


337.  Vickers,  op.  cit..  pp.  108-109 


338.  See  Leland,  Production  Theory  and  the  Stock  Market,  O] 
p.  126,  on  this  point. 


339.  See  footnote  376  and  Che  references  listed  therein 


340.  See  footnote  430  and  subsection  1 of  section  K of  this  chapter 


See  C.G.  Krouse,  "On  the  Theory  of  Optimal  Investment,  Dividends, 
and  Growth  in  the  Firm,"  American  Economic  Review  (vol.  63;  no.  3; 
June  1973),  pp.  269-279;  D.  Durand,  "The  Cost  of  Capital, 
Corporation  Finance,  and  Che  Theory  of  Investment:  Comment," 
American  Economic  Review  (vol.  49;  no.  4;  September  1959), 
pp.  639-655;  R.C.  Stapleton,  "Taxes,  the  Cost  of  Capital  and  the 
Theory  of  Investment,"  Economic  Journal  (vol.  82;  no.  328; 

December  1972),  pp.  1273-1292;  and  A.J.  Senchack,  Jr.,  "The  Firm's 
Optimal  Financial  Decisions:  An  Integration  of  Corporate  Financial 
Theory  Under  Certainty, unpublished  doctoral  dissertation 
(University  of  California;  Los  Angeles;  1973). 


J.  Hirshlelfer,  "Investment  Decision  Under  Uncertainty:  Applica- 
tions of  the  State-Preference  Approach,"  Quarterly  Journal  of 
Economics  (vol.  80;  no.  2;  May  1966),  pp.  264-268;  Hirshlelfer, 
Investment.  Interest,  and  Capital,  op.  cit.,  ch.  9;  Diaisond,  op. 
cit. : and  Leland,  Production  Theory  and  the  Stock  Market,  op.  cit 
A general  discussion  of  the  impact  of  uncertainty  (when  risk 
aversion  is  present)  can  be  found  in  J.J.  McCall,  "Probabilistic 
Microeconomics,"  Bell  Journal  of  Economics  and  Management  Science 
(vol.  2;  no.  2;  Autumn  1971),  pp.  403-433. 


Sharpe,  Capital  Asset  Prices:  A Theory  of  Market  Equilibrium  under 
Condttiona  of  Risk,  op.  cit.;  Llntner,  The  Valuation  of  Risk  Assets 
and  the  Selection  of  Risky  Investments  in  Stock  Portfolios  and 
Capital  Budgats.  op.  cit.;  and  Mossin.  Equilibrium  in  a Capital 
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34A.  Diamond,  op.  cit.;  Stlglltz,  On  tha  Optimality  of  the  Stock 

Market  Allocation  of  Investment,  op.  clt.;  Jensen  and  Long,  op. 
clt. ; Fama,  Perfect  Competition  and  Optimal  Production  Decisions 
under  Uncertainty,  op.  clt.;  and  Leland,  Production  Theory  and 
the  Stock  Market,  op.  clt.  It  should  also  be  noted  that  a recent 
paper  by  Stevens  employs  a revised  version  of  the  Sharpe-Llntner- 
Mossln  valuation  equation  to  derive  optimal  investment  and  pro- 
duction policies  for  the  firm  In  a multiperiod  setting.  See 
Stevens,  op.  clt. 
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See  J.E.  Walter,  "Dividend  Policies  and  Common  Stock  Prices," 
Journal  of  Finance  (vol.  11;  no.  1;  March  1956),  pp.  29-41; 
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Its  Influence  on  the  Value  of  the 
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Llntner,  The  Cost  of  Capital  and  Optimal  Financing  of  Corporate 
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this  chapter.  In  an  earlier  paper  Krouse  developed  a linear  pro- 
gramming aK>del  that  permitted  both  debt  and  equity  financing. 

See  C.G.  Krouse,  "Optimal  Financing  and  Capital  Structure  Programs 
for  the  Firm,"  Journal  of  Finance  (vol.  27;  no.  5;  December  1972), 
pp.  1057-1071.  Chames  and  others  have  also  formulated  linear  pro- 
gramming models  with  a view  toward  helping  the  firm  solve  Its 
financial  and  capital  allocation  problems.  See  A.  Chames,  W.W. 
Cooper,  and  M.H.  Miller,  "Application  of  Linear  Programming  to 
Financial  Budgeting  and  the  Costing  of  Funds,"  Journal  of  Business 
(vol.  32;  no.  1;  January  1959),  pp.  20-46;  and  W.T.  Carleton, 

"Linear  Prograaad.ng  and  Capital  Budgeting  Models:  A New  Interpre- 
tation," Journal  of  Finance  (vol.  24;  no.  5;  December  1969), 
pp.  825-833. 
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Senchack,  op.  clt. 

The  coat  of  capital  may  be  defined  as  the  current-market-value 
weighted  average  cost  of  debt  and  equity  capital.  See  H.  Benlshay, 
’’Variability  In  Earnlngs-Price  Ratios  of  Corporate  Equities,” 
American  Economic  Review  (vol.  51;  no.  1;  March  1961),  pp.  81- 
94;  J.F.  Weston,  Managerial  Finance  (Holt,  Rinehart  & Winston; 

New  York;  1962);  H.  Blerman,  Jr.,  Financial  Policy  Decisions 
(Macmillan;  London;  1970),  ch.  5.  Modigliani  and  Miller,  The  Cost 
of  Capital,  Corporation  Finance  and  the  Theory  of  Investment,  op. 
clt.;  and  F.  Modigliani  and  M.  Miller.  ”'The  Cost  of  Capital, 
Corporation  Finance,  and  the  Theory  of  Investment':  Reply," 

American  Economic  Review  (vol.  49;  no.  4;  September  1959),  pp. 
655-669.  The  cost  of  capital  represents  the  "minimum  rate  of 
return  required  for  an  Investment  to  be  advantageous  to  the  stock- 
holders." Ibid. . p.  659.  There  appears  to  be  some  disagreement 
on  this  point.  For  example,  Blerman  argues  that  It  Is  Incorrect 
to  use  the  cost  of  capital  to  evaluate  proposed  Investments. 

Blerman,  op.  clt..  ch.  4.  The  source  of  disagreement  Is  the 
following.  The  cost  of  capital,  as  defined  above.  Is  an  average 
cost.  The  appropriate  cost  to  use  to  evaluate  a proposed  Invest- 
ment — an  Increment  to  the  firm's  capital  stock  — is  the  marginal 
cost  of  capital.  Thus,  using  the  average  cost  of  capital  Is 
correct  only  If  the  marginal  cost  Is  equal  to  the  average  cost, 
which  requires  that  the  firm's  current  capital  structure  be 
optimal  (so  that  the  average  cost  of  capital  Is  a mln;^ttum)  and 
that  the  Increment  to  the  capital  stock  be  small  enough  that  the 
marginal  cost  of  capital  does  not  Increase.  It  should  be  noted 
that.  In  the  case  of  certainty  and  perfect  capital  markets,  as  In  the 
traditional  theory  of  the  firm,  every  firm's  cost  of  capital  Is 
the  prevailing  market  rate  of  Interest.  Thus,  average  cost  of 
capital  « marginal  cost  of  capital  = constant,  and  the  cost  of 
capital  defined  above  can  be  used  to  evaluate  proposed  investments. 
See  Modigliani  and  Miller,  The  Cost  of  Capital.  Corporation  Finance 
and  the  Theory  of  Investment,  op.  clt..  p.  262.  However,  when 
uncertainty  exists,  the  cost  of  capital  becomes  more  difficult 
to  define  precisely  and  to  measure.  See  Phlllppatos,  op.  clt.. 
chs,  8-9. 

For  example,  see  H.G.  Guthmann  and  H.E.  Dougall,  Corporate  Financial 
Policy.  3rd  ed.  (Prentice-Hall;  Englewood  Cliffs,  N.J.;  1955); 

E.  Solomon,  The  Theory  of  Financial  Management  (Columbia  University 
Press;  New  York;  1963),  pp.  92-99;  and  Phlllppatos,  op.  clt., 
pp.  288-292. 

Modigliani  and  Miller,  The  Coat  of  Capital.  Corporation  Finance 
and  the  Theory  of  Invaataent.  op.  clt.  As  will  be  noted  below, 
Modlgllanfs and  Miller's  result  is  dependent  on  a number  of  critical 
assumptions  they  make.  There  are,  of  course,  a number  of  Inter- 
mediate views,  such  as  Durand's  view  that  changes  In  the  capital 
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structure  do  not  Increase  the  overall  level  of  risk,  but  merely 
redistribute  risk  among  the  existing  holders  of  the  firm's  securi- 
ties. Hence,  there  is  no  leverage  effect  (though  there  is  an 
optimal  debt-equity  mix  due  to  the  existence  of  market  imperfec- 
tions. See  D.  Durand,  "Costs  of  Debt  and  Equity  Funds  for  Business 
Trends  and  Problems  of  Measurement in  Conference  on  Research  in 
Business  Finance  (National  Bureau  of  Economic  Research;  New  York; 
1952),  pp.  215-247,  and  Durand,  The  Cost  of  Capital.  Corporation 
Finance,  and  the  Theory  of  Investment!  Comment,  op.  cit. 

355.  In  this  section  no  attempt  will  be  made  to  cover  what  has  become 
a very  extensive  literature.  Rather,  the  purpose  of  this  section 
is  to  consider  the  implications  of  Modigliani's  and  Miller's  impor- 
tant work,  which  is  often  cited  by  economists  building  models  of 
the  firm  in  order  to  justify  some  of  their  simplifying  assumptions. 

356.  What  follows  is  based  on  Phlllppatos,  op.  cit..  pp.  288-292. 

357.  See  Stapleton,  op.  cit..  on  this  point. 

358.  In  this  case  there  exists  a range  of  optimal  capital  structures, 
and  within  this  range,  modest  changes  in  the  firm's  capital 
structure  will  not  alter  the  firm's  market  value.  In  the  event 
there  is  a lone  stationary  value,  then  at  that  point  occurs  the 
firm's  unique  optimum  capital  structure. 

359.  The  firm's  cost  of  capital,  C , is  given  by 

C - oKj  + (l-a)Kg  , 

where  a is  the  proportion  of  debt,  is  the  cost  of  debt 

capital  and  Kg  is  the  cost  of  equity  capital.  The  market  value 
of  the  firm,  V , is  given  by 


where  w is  net  Income  and  C is  the  cost  of  capital,  so  that 
V and  C vary  inversely. 

360.  Modigliani  and  Miller,  The  Cost  of  Capital.  Corporation  Finance 
and  the  Theory  of  Investment,  op.  cit.  (and  in  particular  p.  275). 

361.  See  footnote  126  for  the  definition  of  a perfect  capital  market. 
One  type  of  market  imperfection  is  due  to  corporate  profit  taxes, 
the  effect  of  which  is  discussed  in  F.  Modigliani  and  M.H. 

Miller,  "Corporate  Income  Taxes  and  the  Cost  of  Capital:  A 
Correction,"  American  Economic  Review  (vol.  53;  no.  3;  June  1963), 
pp.  433-443;  and  D.P.  Baron,  "Firm  Valuation,  Corporate  Taxes, 
and  Default  Risk,"  Journal  of  Finance  (vol.  30;  no.  5;  December 
1975),  pp.  1251-1264. 
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362.  Ibid. . p.  292.  They  do  explicitly  recognize,  however,  that  there 
may  be  other  grounds,  such  as  concern  over  terms  that  might  be 
Imposed  on  managers'  freedom  of  action  by  creditors  were  the  firm 
to  Increase  Its  debt-equity  mix,  on  which  the  firm  might  prefer 
one  form  of  financing  over  another.  Ibid. , pp.  292-293. 

363.  For  a detailed  discussion  of  the  Modlgllanl-Mlller  model,  see 
Fama  and  Miller,  op.  clt.,  ch.  4. 

364.  One  apparent  limitation  of  the  original  development  was  Modigliani's 
and  Miller's  assumption  that  firms  could  be  divided  into  risk 
classes,  where  two  firms  belong  to  the  same  risk  class  provided 

the  returns  to  the  assets  of  each  always  occur  In  the  same  propor- 
tion, e.g.  Xj  ■ , where  Xj  and  Xi  are  the  returns  to  firms 

j and  1 , respectively,  and  X''ls  the  constant  of  proportionality. 
Modigliani  and  Miller,  The  Cost  of  Capital,  Corporate  Finance  and 
the  Theory  of  Investment,  op.  clt..  p.  266,  and  Modigliani  and 
Miller, 'The  Cost  of  Capital,  Corporation  Finance,  and  the  Theory 
of  Investment';  Reply  , op.  clt..  p.  655.  But  Stlglltz  later 
showed  that  Modigliani's  and  Miller's  result  Is  not  dependent  on 
their  assumption  of  risk  classes.  J.E.  Stlglltz,  "A  Re- Examination 
of  the  Modlgllanl-Mlller  Theorem,"  American  Economic  Review  (vol.  59; 
no.  5;  December  1969),  pp.  784-793.  Stlglltz  has  also  generalized 
the  Modlgllanl-Mlller  model  further  to  a multiperiod  setting.  J.E. 
Stlglltz,  "On  the  Irrevelance  of  Corporate  Financial  Policy," 

American  Economic  Review  (vol.  64;  no.  6;  December  1974), 
pp.  851-866. 

365.  Modigliani  and  Miller,  The  Cost  of  Capital,  Corporation  Finance 
and  the  Theory  of  Investment,  op.  clt..  p.  268.  See  also  Mossln, 
Theory  of  Financial  Markets,  op.  clt.,  p.  87,  on  this  point. 

366.  Ibid. . ch.  5,  which  also  demonstrates  that  the  Modlgllanl-Mlller 
result  holds  even  when  Investor  preferences  are  arbitrary  and 
when  Investor  beliefs  regarding  future  returns  from  securities  are 
heterogeneous;  and  D.P.  Baron,  "Default  Risk  and  the  Modlgllanl- 
Mlller  Theorem;  A Synthesis,"  American  Economic  Review  (vol.  66; 
no.  1;  March  1976),  pp.  204-212.  It  should  be  noted  that  Baron 
claims  to  have  shown  In  an  earlier  paper  the  indeterminancy  of 
the  debt-equity  mix  even  when  default  risk  Is  present,  but  Hagen 
disputes  this  earlier  result.  See  D.P.  Baron,  "Default  Risk, 

Homemade  Leverage,  and  the  Modlgllanl-Mlller  Theorem,"  American 
Economic  Review  (vol.  64;  no.  1;  March  1974),  pp.  176-182;  and 
K.P.  Hagen,  "Default  Risk,  Homemade  Leverage,  and  the  Modlgllanl- 
Mlller  Theorem:  Note,"  American  Economic  Review  (vol.  66;  no.  1; 
March  1976),  pp.  199-203. 

367.  Baron,  Default  Risk  and  the  Modlgllanl-Mlller  Theorem;  A Synthesis. 
op.  clt.;  Hlrshlelfer,  Investment  Decision  Under  Uncertainty; 
Applications  of  the  State-Preference  Approach,  op.  clt..  pp. 

264-268;  and  Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  clt.. 
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pp.  263-264,  271-272.  The  laportance  of  coaplete  aarkets  is 

demonstrated  below  in  section  K of  this  chapter.  It  should  be  ) 

noted  that  the  above  papers  also  demonstrate  that  the  Modlgllanl- 

Mlller  theorem  falls  to  hold  when  markets  are  Imperfect.  See 

also  Mossln,  Security  Pricing  and  Investment  Criteria  In  Competitive 

Markets,  op.  clt.;  Llntner,  The  Cost  of  Capital  and  Optimal 

Financing  of  Corporate  Growth,  op.  clt.  ; Llntner,  Corporation 

Finance;  Risk  and  Investment,  op.  clt..  and  Senchack,  op.  clt. 

368.  See  Baron,  Default  Risk  and  the  Modlgllanl-Mlller  Theorem;  A 
Synthesis,  op.  clt. 

369.  Mossln,  Theory  of  Financial  Markets,  op.  clt. . p.  78. 

370.  Robert  M.  Baylls,  senior  vice-president  of  First  Boston  Corp., 
quoted  In  "The  Big  Squeeze  On  U.S.  Companies,"  Business  Week 
(September  22,  1975),  p.  51.  See  also  T.E.  Fandell,  "TWA  Tries 
to  Restructure  Its  Heavy  Debt  In  Effort  to  Avert  Potential 
Bankruptcy,"  Wall  Street  Journal  (August  18,  1975). 

371.  F.  Andrews,  "Stock-Market  Surge  Beckons  Firms  Back  To  Equity 
Financings  After  Long  Hiatus,"  Wall  Street  Journal  (February  23, 

1976). 

372.  "Capital  Crisis,"  Business  Week  (September  22,  1975). 

373.  See  Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  clt..  \ 

pp.  272-273,  for  discussion  on  this  point.  ' 

374.  Blerman,  op.  clt..  p.  134.  Of  course,  this  avoids  the  question  of 
how  significant  an  Impact  the  firm's  capital  structure  has  on  Its 
cost  of  capital.  Even  according  to  the  traditional  view,  there 
may  be  a range  of  capital  structures  over  which  the  Impact  Is 
Insignificant.  Unfortunately,  the  empirical  evidence  to  date  Is 
not  conclusive.  See  Phlllppatos,  op.  clt..  ch.  10  (particularly 
appendix  A). 

375.  F.  Modigliani  and  M.H.  Miller,  'The  Cost  of  Capital.  Corporation 
Finance  and  the  Theory  of  Investment';  Reply,  op.  clt..  pp. 

655-669;  and  Miller  and  Modigliani,  op.  clt.  See  also  Fsma  and 
Miller,  op.  clt.,  pp.  78-85. 

376.  Miller  and  Modigliani,  op.  clt..  pp.  414,  430.  Putting  this  result 
together  with  their  earlier  result  leads  to  the  Implication  that, 
under  certain  conditions,  the  firm's  Investment  policy  and  its 
financial  policies  are  separable;  that  Is,  given  the  firm's  Invest- 
ment policy,  how  the  firm  chooses  to  finance  that  Investment  — 

new  debt  Issue  (l.e.  borrowing),  new  equity  Issue,  retained  earnings, 
or  some  cosblnstlon  of  these  -*  will  not  affect  either  the  cost 
of  capital  or  the  total  market  value  of  the  firm.  See  also 
Llntner,  The  Cost  of  Capital  and  Optimal  Financing  of  Corporate 
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Growth,  op.  clt..  p.  295,  on  this  point.  It  should  be  noted  that, 
though  Miller  and  Modigliani  speak  only  of  the  firm's  Investment 
policy  as  being  given,  they  are  also  assuming  that  the  firm's 
production  policy  (and  hence,  the  firm's  operating  policies, 
which  Include  both  the  Investment  and  the  production  policies) 
is  given.  See  Fama  and  Miller,  op.  clt..  pp.  80-81,  or  Mossln, 
Theory  of  Financial  Markets,  op.  clt..  p.  141,  for  more  on  this 
point. 

377.  What  follows  is  based  on  Miller  and  Modigliani,  op.  clt.. 
pp.  412-414. 

378.  The  firm's  dividend  policy  Is  also  Irrelevant  under  uncertainty, 
provided  capital  markets  are  complete.  See  M,  Rubinstein,  "The 
Irrelevancy  of  Dlvldned  Policy  in  an  Arrow-Debreu  Economy," 

Journal  of  Finance  (vol.  31;  no.  4;  September  1976),  pp.  1229- 
1230,  for  a proof  of  the  Irrelevancy  of  the  firm's  dividend 
policy  when  financial  markets  are  perfect  and  complete. 

379.  This  Is  what  Miller  and  Modigliani  call  'the  fundamental  principle 
of  valuation.'  Miller  and  Modigliani,  op.  clt. . p.  412.  Note 
that,  since  (136)  must  hold  for  the  securities  of  all  firms.  It  is 
not  necessary  to  use  subscripts  to  distinguish  among  firms. 

380.  Conceivably  the  firm's  dividend  policy  could  also  affect  V(t) 
indirectly  through  V(t'M)  if  the  current  dividend  distribution 
served  to  convey  what  would  otherwise  be  unavallble  Information 
concerning  future  dividend  policy.  Miller  and  Modigliani  Initially 
assumed  the  firm's  future  dividend  policy  was  known,  although  they 
explicitly  recognized  the  Informational  content  of  dividends. 

Ibid. . pp.  413,  430.  See  also  "Chrysler  Declares  15-Cent  Payout, 
First  in  l>s  Years,"  Mall  Street  Journal  (August  6,  1976). 

381.  Miller  and  Modigliani,  op.  clt..  p.  413.  See  also  Mossln,  Theory 
of  Financial  Markets,  op.  clt..  p.  141,  on  this  point. 

382.  Note  that  from  equation  (139) 

D(t)  - m(t+l)-p(t+l)  - X(t)  - I(t)  (*) 


' holds  Identically.  Each  side  of  (*)  gives  an  expression  for  net 

1 dividends.  That  is,  under  the  assumptions  of  certainty  and 

perfect  capital  markets,  the  receipts  from  new  share  Issues  can 
j be  Interpreted  as  negative  dividend  flows,  l.e.  a dollar  raised 

through  a new  equity  Issue  'cancels  out'  an  additional  dollar 
paid  out  as  dividends  in  the  follwing  sense.  Given  the  firm's 
Investment  policy,  an  additional  dollar  of  dividends  requires  that 
an  additional  dollar  be  raised  through  a new  equity  Issue,  and 
I the  opposing  effects  of  these  actions  on  the  firm's  share  value 

cancel  each  other  out.  This  Is  the  reason  the  firm's  dividend 
policy  Is  Irrelevant. 


383. 


In  an  uncarcaln  world  the  additional  aaauaptlon  of  complete 
aarketa  la  needed  In  order  that  individuala  be  free  to  achieve 
their  moat  dealred  patterns  of  claims  through  the  market  place 
(the  reasoning  here  Is  perfectly  analogous  to  that  Involved  In 
establishing  the  Indeteralnancy  of  the  debt-equity  mix,  l.e.  In 
effect,  the  existence  of  complete  markets  for  contingent  claims 
reduces  everything  to  the  certainty  case).  Rubinstein,  The 
Irrelevancy  of  Dividend  Policy  in  an  Arrow-Debreu  Economy,  op. 
clt. 


384.  Note  that  this  Independence  does  not  follow  from  the  frequently 
used  Gordon  share  valuation  model. 


V • d^/(l-g)  , 

where  v Is  the  share  price,  d Is  the  Initial  dividend  payout, 
i Is  the  constant  rate  of  Interest,  g Is  the  constant  steady 
state  rate  of  growth,  and  all  growth  Is  financed  internally.  In 
this  case  the  firm's  Investment  and  dividend  policies  are  Inex- 
tricably bound  together.  Letting  r denote  the  constant  retention 
ratio,  p the  rate  of  profit,  K the  Initial  capital  stock,  and 
N the  number  of  shares  outstanding,  the  share  value  can  be 
expressed  as  a function  of  the  retention  ratio. 


v(r) 


(l-r)pK 

N(l-g) 


» 


and  by  differentiation, 

ii(i-g> 

which  equals  zero  only  If  1 ■ p . Thus,  changes  in  dividend  policy 
(reflected  In  changes  In  r)  are  Irrelevant  only  If  the  Internal 
rate  of  return  on  investisent,  p , equals  the  market  rate  of 
Interest,  1 , for  then  Investors  would  be  Indifferent  between 
the  firm's  Investing  a sum  at  rate  of  return  p or  distributing 
an  equal  sum  to  them  which  they  could  invest  at  rate  1 * p . 


385.  Since  Its  Investment  policy  Is  not  affected,  nor  will  Its  growth 
possibilities  be  Influenced.  See  Llntner,  The  Cost  of  Capital 
and  Optimal  Financing  of  Corporate  Growth,  op.  clt..  p.  303. 

386.  Miller  and  Modigliani,  op.  clt. . p.  414. 

387.  Gordon,  The  Investment,  Financing,  and  Valuation  of  the  Corporation. 
op.  clt..  pp.  55-66;  (Gordon,  Dividends.  Earnings  and  Stock  Prices. 
op.  clt.;  Llntner,  Dividends.  Bamlngs.  Leverage.  Stock  Prices  and 
the  Supply  of  Capital  to  Corporations,  op.  clt.;  and  R.P.  Brigham 
and  N.J.  Cordon,  "Leverage,  Dividend  Policy,  and  the  (k>st  of 
Capital,"  Journal  of  Finance  (vol.  23;  no.  1;  Merch  1968), 

pp.  85-103*1  For  empirical  evidence  Indlcetlng  that  Investors' 
relative  preferences  for  dividends  as  opposed  to  retainad  earnings 
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may  be  less  In  growth  than  in  non-growth  industries,  see  Friend 
and  Puckett,  op.  cit.  Recently  shareholders  have  been  pressuring 
companies  to  raise  dividends.  For  example,  see  "Wall  Street: 

Back  to  Dividends,"  Newsweek  (August  16,  1976). 


See  Lintner,  The  Cost  of  Capital  and  Optimal  Financing  of  Corpora 
Growth,  op.  clt. . p.  304;  Lintner,  Corporation  Finance;  Risk  and 
Investment,  op.  clt..  pp.  230-231;  J.R.  Meyer  and  E.  Kuh,  The 
Investment  Decision  (Harvard  University  Press;  Cambridge;  1957). 
See  also  J.V.  Conti,  "More  Companies  Cut  or  Omit  Dividends  As 
Earnings  Decline,"  Wall  Street  Journal  (May  16,  1975). 


See  Lintner,  Corporation  Finance;  Risk  and  Investment,  op.  clt.; 
and  for  empirical  evidence  see  P.  Dhrymes  and  M.  Kurz,  "Investment 
Dividend,  and  External  Finance  Behavior  of  Firms,"  In  R.  Ferber, 
ed. , Determinants  of  Investment  Behavior  (Columbia  University 
Press;  New  York;  1967),  pp.  427-467. 


390.  Ibid,  offers  supporting  empirical  evidence 


Reinforcing  the  effects  of  the  above  factors  Is  the  possibility 
that  security-minded  corporate  managers  may  favor  retained 
earnings  In  order  to  reduce  the  chances  of  financial  ruin.  See 
K.H.  Borch,  The  Economics  of  Uncertainty  (Princeton  University 
Press;  Princeton;  1968). 


E.F.  Fama,  "The  Empirical  Relationships  Between  the  Dividend  and 
Investment  Decisions  of  Firms,"  American  Economic  Review  (vol.  64; 
no.  3;  June  1974),  pp.  304-318.  This  disagreement  as  to  the 
relevance  of  the  firm's  dividend  policy  — with  each  side  marshaling 
empirical  support  for  Its  position  — Is  indicative  of  the  diffi- 
culties arising  out  of  the  economist's  Inability  to  design  controlled 
scientific  experiments  to  test  propositions.  See  footnote  255. 


Vickers,  The  Theory  of  the  Firm;  and  D.  Vickers,  "The  Cost  of 
Capital  and  the  Structure  of  the  Firm,"  Journal  of  Finance 
(vol.  25;  no.  1;  March  1970),  pp.  35-46. 


Business  risk  is  measured  by  the  coefficient  of  variation  of 
net  operating  income  and  financial  risk  Is  measured  by  the  coeffi- 
cient of  variation  of  net  Income,  where  net  operating  income 
equals  revenue  minus  operating  costs  (and  thus  business  risk 
reflects  decisions  made  with  regard  to  the  assets  side  of  the 
firm's  balance  sheet)  and  net  Income  Is  net  operating  Income  less 
Interest  on  debt  capital  and  corporate  taxes(and  thus  financial 
risk  mainly  reflects  decisions  mede  with  regard  to  the  liabilities 
side  by  the  balance  sheet).  See  tables  ll-l  and  II-2  In  section 
A.  It  Is  financial  risk  that  measures  the  degree  of  risk  In  the 
owners'  economic  position.  See  Vickers,  The  Theory  of  the  Firm, 
op.  clt..  chs.  3-4.  See  also  J.C.  Van  Home,  Financial  Management 


and  Policy.  2nd  ed.  (PrenClce-Hall;  Englewood  Cliffs,  N.J.; 

1971),  chs.  3,7,  end  P.A.  Tinsley,  "Cspltsl  Structure,  Precautionary 
Balances,  and  Valuation  of  the  Fin:  The  Problem  of  Financial 
Risk,"  Journal  of  Financial  and  Quantitative  Analysis  (vol.  5; 
no.  2;  March  1970),  pp.  33-62. 

395.  This  enables  Vickers  to  express  the  Interest  rate  on  debt  and 
the  capitalisation  rate  on  equity  each  as  a function  of  leverage 
only  (or  when  the  amount  of  equity  is  fixed,  as  a function  of 

the  asMiunt  of  debt  only).  Vickers,  The  Theory  of  the  Fin,  op.  clt.. 
pp.  64-69,  133-137,  162-167. 

396.  Turnovsky  considered  the  effects  of  changing  business  risk,  but 
treated  business  risk  as  exogenously  determined.  Arzac  generalized 
further  by  deriving  a criterion  for  Investment  decisions  under 
general  uncertainty  when  business  risk  Is  controllable.  See 

S.J.  Turnovsky,  "Financial  Structure  and  the  Theory  of  Production," 
Journal  of  Finance  (vol.  25;  no.  5;  December  1970),  pp.  1061- 
1080,  and  Arzac,  op.  clt.  In  contrast  to  Vickers,  Arzac  must 
make  the  Interest  rate  on  debt  and  the  capitalization  rate  on 
equity  each  a function  of  output  as  well  as  of  the  amounts  of 
debt  and  equity.  Ibid. . p.  1229. 

397.  In  reality,  one  or  both  types  of  risk  may  vary  systematically 
with  either  the  size  of  the  company  or  with  the  degree  of  manage- 
ment control.  See  J.P.  Palmer,  "The  Profit  Variability  Effects 
of  the  Managerial  Enterprise,"  Western  Economic  Journal  (vol.  11; 
no.  2;  June  1973),  pp.  228-231. 

398.  In  this  paper  the  terms  risk  and  uncertainty  are  used  synonomously 
to  mean  what  Frank  Knight  defines  as  risk.  See  subsection  7 

of  section  C of  chapter  one  of  this  paper. 

399.  See  Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  clt., 
chs.  8-10. 

400.  See  footnote  394. 

401.  Vickers,  The  Theory  of  the  Firm,  op.  clt. . chs.  6-10. 

402.  Following  Vickers,  taxes  are  Ignored,  there  Is  a single  output  and 
two  Inputs,  and  the  firm's  equity  Is  assumed  constant. 

403.  Ibid. . p.  128. 

404.  According  to  this  definition  of  r , the  different  debt  securities 
the  firm  may  have  Issued  have  been  combined  Into  a single  composite 
security  and  r Is  the  interest  rate  on  this  security,  computed 

as  the  weighted  average  of  the  interest  rates  on  the  different  debt 
securities  comprising  the  composite  security. 
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405.  Ibid. . chs.  5,7.  The  net  working  capital  requlreaent,  g(Q)  , 
reflects  the  required  Inveataent  In  current  operating  assets  by 
the  firm,  e.g.  Inventories  of  raw  materials,  seml-flnlshed  goods, 
and  finished  goods,  trade  credit  extended,  receivables  awaiting 
collection,  etc.  See  table  ll-l  In  section  A.  These  requirements 
are  directly  related  to  the  level  of  output.  The  coefficients 

a and  8 reflect  money  capital  requirements  directly  related 
to  the  amounts  used  of  the  Inputs,  e.g.  for  labor  there  Is  a 
money  capital  requirement  when  workers  are  hired  and  paid  before 
a project  has  been  completed  (l.e.  the  output  sold)  and  for  real 
capital  there  Is  also  a money  capital  requirement  In  that  each 
unit  of  X2  requires  the  Investment  In  fixed  assets  of  6 dollars 
of  money  capital. 

406.  The  units  of  measurement  employed  In  (141)  deserve  comment.  X. 

Is  a flow  variable  and  Is  expressed  In  units  (of  current  factor) 
per  period.  Its  direct  unit  cost,  e.g.  the  wage  rate  when  X. 
represents  labor.  Is  expressed  In  dollars  per  unit  (of  current 
Input) , so  that  *1^,  also  measures  a flow.  X.  , on  the  other 
hand.  Is  a stock  variable  and  la  measured  In  capacity  units 
(e.g.  the  capital  stock  measured  In  constant  dollars).  Ibid. . 
ch.  7.  Its  direct  unit  cost  v.  is  expressed  in  percentage 
terms,  so  that  *2^2  * flow.  Slsdlarly,  r(D)  Is 

measured  In  percentage  terms  and  D Is  a stock  variable,  so 
that  r(D)’D  measures  a flow.  The  objective  function  In  (141) 
la,  then,  a flow  equation.  The  constraint  In  (141)  Is  a stock 
inequality.  Both  E and  D represent  stocks  of  money  capital, 
as  shotrn  In  the  firm's  balance  sheet  (see  table  11>1).  The 
function  g(Q)  gives  the  stock  of  money  capital  required  to 
support  a flow  of  Q units  of  output  per  period,  while  oi 
gives  the  stock  of  money  capital  required  to  support  each  unit 
flow  of  X.  and  8 gives  the  stock  of  money  capital  required 
to  support'''each  (physical)  unit  of  productive  capacity,  X^  . 

407.  These  conditions  follow  from  taking  the  appropriate  first  partial 
derivatives  of  the  Lagranglan: 

L;^  - p(Q)*f(X^,X2)  - w^Xj  - W2X2  - r(D)-D 

+ AtE  + D - g(Q)  - aXj  - 8X2]  , 

where  the  Lagrange  multiplier  A measures  the  effect  on  net 
Income  of  varying  the  equity  capital  availability.  If  the  amount 
of  equity  capital  available  should  exceed  the  firm's  needs,  then 
of  course  A ■ 0 . 

408.  Ibid. . p.  162.  The  interpretation  of  the  Lagrange  multiplier  la 
made  difficult  because  of  the  form  of  the  constraint  In  (141). 

The  right-hand  side  Is  not  constant,  only  the  amount  of  equity, 

E • is  constant.  The  Interpretation  becomes  more  difficult  yet 
when  both  E and  0 are  permitted  to  vary.  See  C.R.  Jonea  and 
J.D.  Flnnarty,  "Structural  Planning  under  Controllable  Busineas 
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whcr*  th«  last  equality  follows  by  substitution  using  (142) 
and  (144) . Then  dividing  (****)  by  (***)  gives 


This  Interpretation  of  X as  the  Instantaneous  rate  of  change 
of  the  optlswl  value  of  the  objective  function  (maxlaum  net 
operating  Incoae)  with  respect  to  the  constraint  (the  aaount  of 
equity  capital)  agrees  with  the  more  conventional  interpretation 
of  the  Lagrange  nultlpller. 

Thus,  X can  be  Interpreted  as  the  aarglnal  contribution  of 
debt  capital  to  net  operating  incoae  or  as  the  aarglnal  contribu- 
tion of  equity  capital  to  net  Incoae  (which  Is  equal  to  the 
aarglnal  contribution  of  tqulty  capital  to  net  operating  IncoM) . 
The  distinction  between  net  Incoae  and  net  operating  Incoae  Is 
laportant  because  the  aarglr'^1  contribution  of  debt  capital  to 
net  Incoae  Is,  by  (144),  eqv  to  zero  at  the  optlanm.  Thus, 
Vickers's  aarglnal  profit  productivity  of  aoney  capital,  (Vickers 
The  Theory  of  the  Flra.  op.  clt..  p.  162)  Is  unaid>lguous  only  if 
Interpreted  In  terns  of  net  operating  Incoae.  The  distinction 
between  equity  capital  and  aoney  capital  Is  laportant  here  too, 
for  It  Is  not  aoney  capital  that  Is  In  Halted  supply,  but  rather 
It  Is  equity  capital  that  Is  scarce. 


See  footnote  408.  It  should  be  noted  that,  since  the  aaiount  of 
debt  capital  la  optlaal,  given  the  current  aaiount  of  equity 
capital,  any  Increase  In  aoney  capital  would  have  to  be  equity 
capital  (If  Is  to  Increase).  Thus,  the  appropriate  price  of 
aoney  capital  Is  X . Note  that  X ■ dir/dE  has  the  saaie  units 
as  r (percent  per  period),  l.e.  X represents  an  Imputed 
Interest  rate.  Vickers  calls  X the  'marginal  profit  productivity 
of  aoney  capital.  Ibid. . p.  153.  The  use  of  'productivity'  has 
been  eschewed  here  because  aoney  capital  per  se  Is  nonproductive 
since  It  Is  not  a factor  of  production. 


For  purposes  of  comparison  with  the  conventional  neoclassical 
aodcl,  see  equations  (14).  In  the  development  of  (14)  It  was 
assuaed  that  price  Is  constant,  so  that  p " MR(Q)  , where  the 
•qulllbrlua  condition  requires  that  the  use  of  each  factor  be 
Increased  until  the  marginal  revenue  product  of  that  factor  Just 
equals  Its  marginal  cost  w.  . 


See  equation  (16).  Note  that  the  conventional  result  holds  when 
there  Is  no  equity  capital  conatralnt  (l.e.  when  X ■ 0 ) . 


For  the  slngle-output-two-lnput  firm  under  dlacuaslon,  the 
expansion  path  is  the  locus  of  points  at  each  of  which  the  marginal 
rate  of  technical  substitution  (i.e.  the  negative  of  the  slope  of 
an  isoquant  In  the  figure  below)  is  equal  to  the  ratio  of  factor 
prices  (l.e.  the  negative  of  the  slope  of  an  Isocost  line  In  the 
figure  below) . Since  at  optlaallty  the  Input  mix  aust  be  such  that 


th«  Mrglnal  rat*  of  technical  aubatltutlon  equals  the  ratio  of 
input  prices,  the  rational  entrepreneur  vill  select  only  input 
coiri)inations  that  lie  on  the  expansion  path  EP  in  the  figure 
below. 


expansion  path 


Isoquant 

Q2  constant 

-Isocost  line 

e-  ^2  " *1^1  ^ *^2*2 

constant 


I 


Figure 


I ^ ^ and  X ^ 0 , the 


an  slop*  of  Che  Isocoet  lines 


changes,  thereby  altering  the  flra's  expansion  path.  This  causes 
the  equilibriuB  input  coid>lnations  employed  by  the  firm  as  it 
expands  its  output  to  change. 

Not*  also  that,  if  factor  price*  are  defined  to  include  the 
appropriate  cost  of  money  capital,  the  Vickers  model  becomes  the 
neoclassical  model.  That  is,  if  the  price  of  money  capital  X is 
known  by  the  firm,  and  if  the  unit  pries  of  X,  1*  w.  + Xo  and 

the  unit  price  of  X,  is  w- + XP , then  the  lAdsl  of  the  firm 

can  be  reformulated  as  the  mithematical  progrsmming  problem: 

maximis*:  it  - p(Q)  *1  (X^^Xj)  - (Wj+Xa)Xj-  (W2+XBX2  - Xg(Q)  , 

where  X>g(Q)  measures  the  cost  of  meeting  the  firm's  net  working 
capital  requirements.  Differentiating  first  with  respect  to  X. 

snd  then  with  respect  to  X,  leads  to  two  equations  that  can  bi 

manipulated  to  yield  the  equilibrium  conditions  (146)>(1S0).  Thus, 
the  Vickers  model  yields  results  consistent  with  those  of  the 
neoclassical  model,  prowided  the  marginal  cost  of  each  factor  is 
properly  defined,  although  the  Vickers  model  has  an  important 
advantags  in  that  it  determines  the  firm's  (Imputed)  marginal  cost 
of  money  capital,  X . 
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414.  Ibid.,  cha.  9-10. 

415.  Tha  Lagrangian  for  problem  (151)  la  the  following: 

h * ipdB-fWj.Xj)  - Vi  - “2*2  - 

+ >'IE  + D - g(Q)  - OXj^  - 6X2]  , 

where  X'  la  uaed  In  place  of  X to  dlatlngulah  the  Lagrange 
multiplier  for  problem  (151)  from  the  Lagrange  multiplier  for 
problem  (141) . 

416.  Vlckera  calla  X'  the  'marginal  value  productivity  of  money 
capital*.  Ibid. . p.  164.  An  In  the  caae  of  X , the  uae  of 

' productivity  * haa  been  eachewed  here  alnce  money  capital  la  non- 
productive. See  footnote  409.  Actually,  X'  meaaurea  the 
marginal  value  of  equity  capital,  dV/dE  , alnce  It  la  equity  that 
la  scarce.  The  argument  required  to  show  this  la  the  same  as  that 
uaed  In  footnote  408.  Similarly,  It  can  be  shewn  that  X* 
measures  the  marginal  value  of  dd>t  capital  In  terms  of  the 
capitalised  value  of  net  operating  Income. 

417.  To  further  generalize  the  Vlckera  model  In  the  manner  suggested 
by  Arzac,  both  the  average  rate  of  Interest  on  d^t  and  the 
owners'  capitalization  rate  can  be  made  functlona  of  output,  q , 
the  dd>t  level,  D , and  the  amount  of  equity  capital,  B ; 

that  Is,  r(q,D,E)  and  p(q.D,E)  , respectively,  where  q Is 
subject  to  random  disturbances.  Then  V-E  Is  maximized  with 
respect  to  the  Inputs,  X.  , and  the  amounts  of  d^t  and  equity, 

D and  E , respectively, ^subject  to  the  money  capital  constraint. 
Arzac,  op.  clt. 

418.  This  section  Is  based  on  the  growth  model  described  In  Herendeen, 
op.  clt..  pp.  113-119.  Herendeen's  sysbollsm  has  been  changed 
subtly  In  order  that  It  be  made  consistent  with  the  syiri>ollsn 
used  throughout  this  paper. 

419.  As  Indicated  In  section  A of  this  chapter,  the  'book  value'  of 
an  Item  Is  the  value  at  which  the  Item  Is  listed  In  the  firm's 
balance  sheet.  The  book  values  of  equity,  dd>t,  and  total  assets 
are  the  emounts  listed  on  the  firm's  balance  sheet  and  bear  no 
direct  relationship  to  the  market  values  of  these  Items.  See 
section  A sod  tsble  II-l.  For  example,  the  book  value  of  equity 
Is  equal  to  the  book  value  of  total  assets  less  the  book  value  of 
total  debt.  The  market  value  of  equity  Is  the  stock  market  value 
of  the  firm's  outetsndlng  shares  and  reflects  the  market's 
assessment  of  the  firm's  future  prospects  as  well  as  Its  assess- 
ment of  how  well  the  firm's  essets  ere  currently  being  employed, 
end  Is  therefore  unlikely  to  equal  the  book  value  of  equity. 


420.  Her«nd**n  Muurcd  net  Incoae  IncoM  before  taxes  but  after 
deducting  interest  on  debt.  Ibid. . p.  113.  Hence,  his  definition 
of  net  incoae  falls  soaewhere  between  %rhat  are  conventionally 
defined  as  'net  operating  incoae*  and  'net  incoae'.  See  section 

A and  table  II-2. 

421.  The  leverage  ratio  is  the  ratio  of  the  book  value  of  dd>t  to  the 
book  value  of  equity.  Vickers  and  Tumovsky  also  aeasure  the 
leverage  ratio  in  teras  of  book  values  (rather  than  in  teras  of 
aarket  values).  Vickers,  The  Theory  of  the  Fira.  op.  cit..  p.  41, 
and  Tumovsky,  op.  cit..  p.  1065.  The  reason  for  using  book 
values  rather  than  aarket  values  is  briefly  the  following: 

(i)  the  book  value  of  debt  represents  a contractual  obligation 
to  the  f Ira's  creditors,  and  siailarly,  the  book  value  of  equity 
represents  a quasi-contractual  obligation  to  the  flra's  shar^olders, 
whereas  the  aarket  values  of  d^t  and  equity  represent  the  current 
aarket  appraisals  of  these  obligations,  and  (li)  in  setting  its 
financial  policy,  the  fira  can  choose  a ratio  of  book  dd>t  to 
book  equity,  but  it  cannot  select  a ratio  of  aarket  (or  book)  debt 
to  aarket  equity  since  the  aarket  values  reflect  the  market's 
appraisal  of  the  flra's  operating  decisions  as  well  as  of  its 
financial  policy.  See  Herendeen,  op.  cit..  pp.  125-126. 

422.  Aa  in  the  Vickers  aodel,  the  different  d^t  securities  the  flm 
nay  have  issued  are  aggregated  into  a single  conposite  d^t 
security  and  i is  the  Interest  rate  on  this  conposite  security, 
eonputed  as  the  weighted  average  of  the  interest  rates  on  the 
different  debt  securities  eoaprislng  the  conposite  security. 

423.  Herendeen  actually  defined  the  Interest  rats  as  a function  of 
leverage  and  the  flra's  risk  class,  and  he  defined  the  owners' 
capitalization  rate  as  a function  of  leverage,  risk  class,  the 
dividend  rate,  and  the  state  of  the  equity  aarket.  In  specifying 
the  aodel,  however,  he  took  the  flra's  risk  class  and  dividend 
rate  and  the  state  of  the  equity  aarket  as  given,  so  that  the 
interest  rate  and  the  owners'  capitalization  rate  each  varied  as 
a function  of  L only. 

424.  Ibid.,  p 117. 

425.  Ibid. . p.  127,  footnote  17. 

426.  Note  that  under  the  assuaptions  of  certainty  and  perfect  aarkets, 
it  follows  that,  when  the  economy  is  in  general  equilibrlua, 

p - 1(L)  - a . 

427.  To  see  this,  note  that,  when  all  net  income  is  reinvested,  the 
rata  of  growth  of  equity,  dE/B  , is  equal  to  the  rate  of  return 
on  equity  since  dE  ■ v and  dB/E  ■ r/E  ■ a . Since,  by  defini- 
tion, L ■ D/E  , it  follows  that  D * LE  and  dD  • LdE  for 
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given  L . The  rate  of  grcwth  of  total  assets  Is  given  by 
g - (dE  + dD)/(E  + D) 

- (dE  4-  LdE)/(E  + LE) 

- dE/E  « e . 

428.  Nat  dividend  payments  are  equal  to  the  total  dollar  value  of 
dividends  paid  less  the  tot^  dollar  receipts  from  new  equity 
Issues,  l.e.,  receipts  from  nev  equity  Issues  are  treated  as 
negative  dividends.  This  Is  the  same  treatment  given  the  pro- 
ceeds of  new  equity  Issues  In  std>sectlon  1 of  this  section. 

429.  The  arguMnt  Is  the  same  as  that  used  In  footnote  427  to  show 
that  g * e , but  with  ir  In  place  of  ir  and  e^  In  place 
of  e . 

430.  These  costs  of  growth  were  discussed  above  In  section  G In 
connection  with  the  Baumol  growth  maximization  and  Harris 
models.  See  pages  72  and  80  of  this  chapter,  and  In  partic- 
ular, footnote  211  for  references.  These  costs  may  be  referred 
to  as  the  'real*  costs  of  grcwth  In  order  to  distinguish  them 
from  the  financial  costs  of  growth  discussed  below. 

431.  Ibid.,  p.  115. 

432.  Ibid.,  p.  115. 

433.  See  tables  II-2  and  II-3. 

434.  Once  again,  this  can  be  shown  directly  by  following  the  line  of 
argument  given  In  footnote  427  and  by  recognizing  that 

dE  ■ - B . 

435.  As  In  the  Vickers  model,  total  production  costs  include  the  cost 
of  labor  and  raw  materials  and  the  cost  of  depreciation,  obso- 
lescence, and  maintenance  of  real  capital  exclusive  of  Interest 
on  debt. 

436.  The  variable  S Includes  only  those  selling  costs  necessary  to 
maintain  current  profltAlllty  p with  zero  growth.  Additional 
selling  outlays  — those  that  promote  grow^  — are  Included  In  B . 

437.  The  terminology  used  Is  that  of  Herendecn.  Ibid. . p.  116.  Thou^ 
this  terminology  Is  a bit  awkward,  the  author  has  decided  not  to 
change  It.  It  should  be  emphasized,  however,  that  the  'rate* 

Is  computed  with  respect  to  the  bock  value  of  total  assets,  A , 
rather  than  with  respect  to  time. 

438.  This  treatment  of  revenue,  production  costa,  and  selling  outlays 
differs  from  the  convention^  treatment  only  In  that  these  varia- 
bles are  normalized  by  dividing  each  by  the  book  value  of  total 

assets. 
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Since  growth  by  diversification  Is  permitted,  the  firm  may 
produce  more  than  one  output,  In  which  case  Y could  be  an 
aggregate  measure  of  output  given  In  constant  dollars.  Since  the 
demand  curve  for  each  good  will  be  downward-sloping  (ruling  out 
the  possibility  of  perfectly.competltlve  markets).  It  Is  still 
reasonable  to  assume  that  3^r/dy^  <0  , l.e.  that  'weighted* 
marginal  revenue  Is  declining. 


440.  As  y Increases,  Y grows  faster  than  A , that  Is,  output 

expands  relative  to  capacity  (l.e.  total  assets).  For  the  case  of 
a single  output,  r > r(y,s)  Is  analogous  to  the  single  period 
relationship  between  total  revenue  on  the  one  hand  and  total 
output  and  total  advertising  expenditure  on  the  other,  as  In  the 
Baumol  sales  maximization  model  (73) . The  only  difference  Is 
that  r , y , and  s are  normalized  (by  the  book  value  of 
total  usets)  variables.  Utilizing  this  analogy,  9r/dy  > 0 
and  dxl'dy^  < 0 are  Interpreted  to  mean  that  the  marginal  rate 
of  revenue  In  terms  of  the  rate  of  output  Is  positive  and  falling, 
respectively,  and  9r/9s  > 0 and  3^r/3s^  < 0 are  Interpreted 
to  mean  that  the  marginal  rate  of  revenue  In  terms  of  the  rate 
of  selling  outlays  Is  positive  and  falling,  respectively.  Simi- 
larly, c(y)  Is  analogous  to  the  single  period  total  cost  function 
and  dc/dy  > 0 and  d^c/dy^  < 0 are  Interpreted  to  mean  that  the 
marginal  rate  of  cost  Is  positive  and  rising.  That  Is,  the  signs 
of  the  derivatives  are  tiie  same  as  they  would  be  if  r , y , 
s , and  c represented  non-normallzed  variables  In  a single 
period  model.  It  should  be  noted  that  the  reason  for  the  noimallza- 
tion  la  that  the  Uezendeen  model  ia  a steady  state  growth  model. 
Revenue,  output,  selling  outlays,  and  total  cost  are  permitted  to 
grow  over  time,  though,  as  a percentage  of  total  assets,  each 
remains  fixed  over  time. 


441.  Gordon,  The  Investment,  Financing,  and  Valuation  of  the  Corporation. 
op.  clt.,  ch.  4;  Harris,  An  Introduction  to  Theories  of  Corporate 
Growth,  op.  clt..  p.  18;  and  Herendeen,  op.  clt..  p.  115.  Note 
that  (167)  holds  as  an  equilibrium  condition  under  the  assumptions 
of  certainty  and  perfect  capital  markets.  See  footnotes  139, 

140,  and  242. 

442.  Merely  dividing  each  side  of  equation  (167)  by  E yields  the 
aquation  v - k/(p-g)  , where  the  argument  L has  been  suppressed. 
The  reason  for  treating  naw  equity  Issues  simply  as  negative 
dividends  may  be  demonstrated  with  the  aid  of  this  expression 

for  V . Let  k^  be  the  dividend  rate  In  the  absence  of  naw 
equity  Issues  expressed  as  the  ratio  of  the  market  value  of  new 
Issues  to  the  current  book  value  of  equity.  Without  new  equity 
Issues 

V • kj^/(p-g)  . (*) 

With  naw  equity  Issues  the  growth  equation  (162)  becomes 
g - (l-b)I(l-t)e  - kj  + n)  , 
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which  may  be  aolvad  for  kj^  to  yield 

k^  - (l-t)e  - g/(l-b)  + n . (**) 

The  rate  of  growth  of  dividends  per  share  when  there  are  new 
issues  is  no  longer  g , but  is  g.  ■ g - n/v  , where  n/v 
gives  the  percentage  increase  in  the  nuaber  of  shares  outstanding. 
Then  (*)  may  be  written  as 

^ - g/U-b?  t-S  , 

p - (g  - n/v) 

which  may  be  solved  for  v to  obtain 

^ , ^1-t)  - ^ji-b)  . h ^ (***) 

p - g p - g 

where  equation  (**)  was  used  to  substitute  k.  - n for 
(l-t)e  - g/(l“b)  . In  equation  (***)  k - n^  is  the  net  dividend 
rate  k appearing  in  equations  (161) , (162) , and  (163)  above 
and  equation  (168)  below.  Also  note  that,  using  equation  (160), 

V can  be  reexpressed  as  follows: 

^ . (l-t)[L(p  - KD)  p]  - g/(l-b)  (****) 

P - g 

In  footnote  423  it  was  stated  that  p generally  depends  on  the 
net  dividend  rate  k . Note  in  equation  (****)  that,  if 
3p/dk  0 , the  valuation  ratio  is  Independent  of  the  firm's 
dividend  policy.  This  was  also  the  case  in  the  Harris  growth 
model.  See  Harris,  An  Introduction  to  Theories  of  Corporate 
Growth . op.  cit.,  pp.  22-23.  However,  unlike  the  Harris  growth 
model,  the  presence  of  L in  (****)  indicates  that  the  firm's 
financial  policy  — as  reflected  in  its  selection  of  an  optimal 
leverage  ratio  L*  — does  matter.  Note  in  addition  that  even 
if  3p/3k  ^ 0 , expressing  the  share  value  as  the  present  value 
of  the  future  flow  of  dividends  and  treating  new  equity  issues 
as  negative  dividends  has  the  effect  of  making  current  shar^olders 
indifferent  between  equity  funds  raised  through  retained  earnings 
and  those  raised  throu^  new  equity  Issues.  This  would  not  be 
the  case  if  there  were  transactions  costs  associated  with  new 
Issues  or  if  current  sharAolders  failed  to  fully  comprehend  the 
implications  of  the  firm's  policies  (l.e.  if  capital  markets 
were  not  perfect) . 

443.  The  requirement  v - v is  not  stated  explicitly  by  Herendeen 
in  Herendeen,  op.  cit.?  ch.  7,  where  the  model  is  developed. 

Yet  it  seems  implicit  in  his  treatment  of  equation  (168)  as  the 
'valuation  constraint.' 

444.  Like  (167),  from  %rhich  this  condition  follows,  the  expression  for 
p(L)  characterires  equilibrium  under  the  assumptions  stated  in 
footnote  441.  Otherwise,  like  (167),  it  holds  only  as  a definition. 
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445. 


Harcndacn,  op.  cit..  p.  117. 


446.  Ibid . . ch.  8.  As  dcaonstrated  In  subsection  1 of  this  section, 
the  firm's  dividend  policy  would  not  matter  to  shareholders  if 
the  future  were  known  with  certainty  and  capital  markets  were 
perfect.  The  meaning  of  9p/3k  < 0 is  simply  that  shareholders 
prefer  some  portion  of  their  yield  in  the  form  of  dividends, 
rather  than  in  the  form  of  future,  less  certain  capital  gains, 
and  that,  beyond  some  point,  further  reductions  in  the  net  divi- 
dend rate  will  cause  the  capitalization  rate,  p , to  increase. 

See  also  Gordon,  The  Investment.  Financing,  and  Valuation  of  the 
Corporation,  op.  cit..  pp.  55-66.  Hence,  the  modification  of 

the  model  suggested  by  this  writer  — letting  k become  a decision 
variable  — permits  the  requirement  that  capital  markets  be  perfect 
to  be  relaxed. 

447.  It  is  assumed  for  si^licity  that  conditions  in  the  product  and 
financial  markets  are  such  that  when  v > v it  is  still 
profitable  for  the  firm  to  Increase  its  groSth  rate.  Then  at 
optimality  v - v must  hold.  For  somewhat  greater  generality, 
the  constraint  ln°(169)  could  be  rewritten  with  v in  place  of 

V and  the  constraint  v ^ v could  be  added.  For  an  intuitive 
afgument  as  to  why  v should  decline  as  g Increases  see  footnote 
454  below. 

448.  The  Lagrangian  is 

- (l-b)l(l-t){a+l)[r(y.s)-c(y)-sl  - i(L) -L}  - k] 

X{(l-b)t(l-t){(L+l)[r(y,s)-c(y)-s]  -ia).L}-k]-p(L,k)+J^} 

o 

449.  The  first  part  of  this  result  was  also  obtained  by  J.H.  Hllliamson. 
See  J.H.  Wllllasmon,  op.  cit..  pp.  11-12. 

450.  By  the  sjme  argument  employed  in  footnote  408,  it  can  be  shown  that 

X - ^ , or  equivalently,  X - dg*/d(k*/v^)  , where  the 

* denotes  the  variable's  equilibrium  (l.e.  optimal)  value.  The 
Lagrange  multiplier  X is  interpreted  as  the  instantaneous  rate 
of  change  of  the  optimal  growth  rate  of  total  assets  with  respect 
to  the  optimal  dividend  yield.  Thus,  the  product  X 3p 
measures  the  coat  of  a change  in  the  leverage  1+X  dL 
ratio  in  terms  of  the  change  In  the  growth  rate  necessary  to  ensure 
that  V • V remains  satisfied  (where  the  change  in  g Induced 
by  the  change  in  L is  transmitted  through  a change  in  P in 
the  constraint  equation) . 
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451.  Recall  Chat  equation  (160)  atacas  that  e la  Identical  to 
L(p  - i(L))  + p , ao  that 


Rearranging  tems  In  (177)  and  making  the  appropriate  8td>8tltutlon 
leads  to  (178). 


452.  This  can  be  seen  clearly  when  the  objective  function  In  (169) 
Is  rewritten  as 


Note  the  contrast  with  the  unconstrained  case  where  maximum 
growth  is  achieved  by  setting  k - 0 , l.e.  by  not  paying  any 
dividends,  or  If  dividends  are  paid  to  current  shareholders, 
then  by  raising  an  equivalent  sum  through  new  equity  Issues  (or 
possibly,  by  paying  dividends  to  existing  shareholders  by  means 
of  a new  share  distribution) . Comparing  the  constrained  with  the 
unconstrained  case  also  reveals  that,  since  (174)  and  (175)  hold 
even  In  the  absence  of  the  valuation  constraint,  the  valuation 
constraint  In  (169)  affects  only  the  firm's  financial  policy, 
l.e.  Its  selection  of  L and  k , but  not  its  selection  of  y 
and  s . In  footnote  447  It  was  pointed  out  that  raising  g tends 
to  lower  V , so  that  the  firm  would.  In  equilibrium,  find  Its 
valuation  ratio  at  the  lower  bound,  v ■ v . This  can  be  argued 
as  follows:  (1)  provided  p > 1 , raising^  g by  adjusting 
leverage  only,  requires  that  L be  Increased,  which  eventually 
could  be  expected  to  cause  p to  rise  faster  than  g , and  hence, 
eventually  to  cause  v to  fall;  thereafter.  Increases  in  L 
would  cause  v to  fall  steadily  until  finally  v ■ v ; and 
(11)  raising  g by  adjusting  dividend  policy  only  requires  that 
k be  decreased,  which  causes  the  numerator  In  the  expression  for 

V to  fall;  P and  g both  Increase,  so  that  the  denominator 
In  the  expression  for  v may  also  decrease  If  g increases 
faster  than  p . However,  one  would  expect  that  eventually  p 
would  Increase  faster  than  g , and  that  sometime  before  this 
point  had  been  reached,  p-g  would  begin  to  decrease  more  slowly 
than  V . Thereafter,  v would  decrease  steadily  until  finally 

V V . Note  that  the  above  arguments  Imply  that  dg*/dv  ^ 0 , 


In  the  event  capital  markets  were  assumed  to  be  perfect,  the 
Harris  managerial  utility  maximization  model  and  the  Herendeen 
managerial  utility  maximization  model  would  be  virtually  Identi- 
cal, with  the  only  difference  being  Herendeen's  more  detailed 
expression  for  the  firm's  rate  of  growth.  In  particular,  under 
the  assumptions  of  csrtalnty  and  perfect  capital  markets,  the 
firm's  financial  policies  are  Irrelevant,  so  that  both  models 
would  give  the  role  of  finance  equal  treatment. 
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ASS.  S«e  section  F eerllcr  In  this  chepter  for  • general  discussion 
of  this  class  of  aodels. 

AS6.  Herendeen,  op.  clt..  p.  118. 

4S7.  Ibid.,  ch.  8. 

AS8.  This  section  Is  based  on  the  following  three  papers  written  by 

Llntner:  J.  Llntner,  "The  Cost  of  Capital  and  Optlnal  Financing 
of  Corporate  Growth,"  Journal  of  Finance  (vol.  18;  no.  2;  May 
1963),  pp.  292-310;  J.  Llntner,  "Opt Inal  Dividends  and  Corporate 
Growth  under  Uncertainty,"  Quarterly  Journal  of  Econonics  (vol. 

78;  no.  1;  February  1964),  pp.  49-9S;  and  J.  Llntner,  "Optiw* 
or  Maxima  Corporate  Growth  under  Uncertainty,"  In  Marrls  and 
Wood,  op.  clt..  pp.  172-241.  However,  the  discussion  drsws  aosf. 
heavily  froa  the  third  paper. 

459.  In  fairness  to  Marrls,  he  does,  in  light  of  Llntner 's  treatment 
of  uncertainty,  suggest  how  the  effects  of  uncertainty  can  be 
Incorporated  In  his  own  mdel.  See  Marrls,  Theories  of  Corporate 
Growth.  OP.  clt..  pp.  23-26,  and  Marrls,  Modem  Corporation  and 
Econoalc  Theory,  op.  clt..  pp.  308-314. 

460.  Llntner,  Corporate  Growth  under  Uncertainty,  op.  clt., 

p.  194,  and  Llntner,  Optimal  Dividends  and  Coryrate  G^th 
under  Uncertainty,  op.  clt..  p.  68.  The  eartainty  tquivaltnt 
of  a random  dividend  receipt  Is  defined  by  Llntner  to  be  "that 
single  value  which.  If  certain,  would  be  equivalent  In  the  declslon- 
naker's  alnd  to  the  uncertain  prospect  represented  by  die  full 
distribution  of  the  rsndon  element. ” Ibid.,  p.  68.  For  example. 

In  terns  of  figure  I-l  (see  chapter  one  of  thla  paper),  the 
certainty  equivalent  of  the  rlsk-retura  conbinatlon  represented 
by  the  point  B Is  the  point  C since  the  latter  point  represents 
the  same  (expected)  utility  level  as  B,  but  with  zero  risk  (and 
under  risk  aversion  this  decrease  In  risk  Is  accompanied  by  a 
sacrifice  of  a portion  of  expected  return,  so  that  < y^) . 

461.  ^tore  specifically,  the  firm  maximises  the  current  equilibrium 
stock  msrket  value  of  Its  equity,  where  the  stock  market  Is 
sssmsd  to  be  perfectly  conpetltlve.  Investors  are  risk  sverse. 
Investors'  assessments  of  returns  from  sharsholdlng  are  assusMd 
to  be  lognormally  distributed,  end,  for  the  case  In  which  uncer- 
tainties Increase  with  futurity.  It  Is  further  assumed  that  the 
movement  of  share  prices  follows  a random  walk.  Llntner, 

Ma^i-«i^  Corporate  Growth  under  Uncertainty,  op.  clt.,  p.  179. 
Empirical  support  for  the  lognormallty  assumption  is  provided  In 
J.  Llntner,  "Equilibrium  In  a Bandom  Walk  and  Lognormal  Securltlea 
Market,"  Discussion  Paper  Ho.  235  (Harvard  Institute  of  Econoalc 
Besearch,  Harvard  University;  Cambridge,  Maas.;  July  1972),  and 

In  B.C.  Blattbarg  and  H.J.  Gonedas,  "A  Comparison  of  the  Stable 
and  Student  Distributions  as  Statistical  Models  for  Stock  Prices,' 
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Journal  of  Busin—  (vol.  47;  no.  2;  April  1974),  pp.  244-280. 

The  random  walk  hypothasls  also  saaas  justlflad  In  ll|^t  of  the 
amount  of  amplrlcal  avldance  that  has  bean  accumulated  In  support 
of  It.  For  example,  sea  C.W.  Granger  and  0.  Horgenstam,  "Spectral 
Analysis  of  New  York  Stock  Market  Prices,"  Kyklos  (vol.  16;  no.  1; 
1963),  pp.  1-27;  P.H.  Cootnar,  ed..  The  Random  Character  of  Stock 
Market  Prices  (MIT  Press;  Cambridge,  Mass.;  1964);  E.F.  Fame,  "The 
Behavior  of  Stock  Market  Prices,"  Journal  of  Btislyss  (vol.  38; 
no.  1;  January  1965),  pp.  34-105;  and  E.F.  Fama,  "Efficient 
Capital  Markets:  A Review  of  Theory  and  Empirical  Work,"  Journal 
of  Finance  (vol.  25;  no.  2;  May  1970),  pp.  383-417, 

462.  The  results  obtained  by  Llntner  are  consistent  with  those 
obtained  by  Harris,  John  Williamson,  and  Harendcan,  all  of 
which  were  discussed  earlier  In  this  paper. 

463.  Llntner,  Maximum  Corporate  Growth  under  Uncertainty,  op.  clt., 
pp.  173-176. 

464.  Ibid. . p.  190.  That  Is,  the  expected  growth  rate  Is  a function 
of  the  retention  ratio  and  of  the  basic  risk  variable.  The 
point  Is  that  a variable  reflecting  risk  belongs  to  the  set  of 
decision  variables.  In  the  special  case  of  certainty  there  Is 
no  risk  and  the  retention  ratio  Is  the  only  decision  variable. 

465.  Ibid.,  p.  173. 

466.  Ibid. . pp.  177-178. 

467.  For  example,  firms  appear  to  set  target  payout  ratios,  and  the 
target  payout  ratio  for  a firm  *-  based  on  the  expected  long  mn 
average  profitability  of  Investments  *-  often  remans  reasonably 
stable  over  a considerable  period  of  time.  Sea  J.  Llntner, 
"Distribution  of  Incomes  of  Corporations  among  Dividends,  Retained 
Earnings,  and  Taxea,"  American  Economic  Review  (vol.  46;  no.  2; 

May  1956),  pp.  97-113;  E.F.  Fama  and  U.  Bsblak,  "Dividend  Policy: 

An  Empirical  Analysis,"  Journal  of  the  Amsrlcan  Statistical 
Association  (vol.  63;  no.  324;  Decei^ar  1968),  pp.  1132-1161; 

and  J.A.  Brittain,  Coi^rate  Dividend  Policy  (Brookings  Institution; 
Washington,  D.C.;  19d^).  In  addition,  firms  In  many 

Industries  appear  to  work  toward  target  debt-equity  ratios,  with 
a firm  deviating  from  Its  own  target  ratio  only  temporarily 
and  only  when  Justified  by  conditions  In  the  financial  markets. 

SS'.'  Donaldson,  op.  clt. 

468.  This  section  Is  based  on  Llntner,  The  Cost  of  Cylt^  and  Optimal 
Flnanclna  of  Corporate  Growth,  op.  cit..  pp.  297-304;  Llntner. 
Optimal  Dlvld«ds  and  Corporate  Growth  under  Uncytalnty.  o£2, 

pp.  51-65;  and  Llntner.  Msxlaw  Corporate  Crowth  under 
Uncertainty,  op.  clt..  pp.  181-187. 

This  Is  Fsma's  and  Miller's  'equal  rata  of  return  principle.' 

8aa  footnote  242  for  rafarancaa. 
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470.  Th«  rwtrlctioo  Co  laComol  flooaclag  doM  not  «lc«r  th*  roaulc* 
provided  chore  Is  cerCeinCy  and  eapicel  aerkecs  are  perfecC.  In 
the  firsc  version  of  his  cercalnCy  nodal  LinCner  did  pemic  nw 
equicy  issues.  As  deaonscreced  in  secCion  1 in  connecCion  wich 
Che  Hsrendaen  nodal,  Che  receipcs  fron  new  share  Issues  are 
canCsnounC  Co  negaCive  dividends  provided  Che  sCock  narkeC  is 
perfecC . See  LinCner,  The  CosC  of  Cspicsl  and  OpCinsl  Financing 
of  CorporsCe  GrowCh.  op.  ciC..  pp.  300-301. 

471.  The  recencion  redo,  r , is  Che  proporcion  of  neC  incons  noC 
paid  ouc  in  Che  fom  of  dvidends.  In  Corns  of  cable  II-3, 

r is  Che  rscio  of  recsined  earnings  Co  neC  incone.  EquivalenCly , 
the  nodels  presented  below  could  be  expressed  in  terns  of  the 
payout  racio,  x = 1-r  , which  is  Che  proporcion  of  net  incons 
paid  out  in  dividends.  See,  fer  exanple,  ibid.,  p.  301.  IC 
should  be  noted  that,  in  Che  initial  developnenC  of  Che  certainty 
nodal  in  Che  1971  paper,  r is  defined  differently  as  Che  pro- 
porcion of  gross  revenue  not  available  for  dividends  and  x 
in  equation  (181),  below  represents  currant  gross  revenue  per 
share.  LlnCner's  conclusions  still  follow,  however,  when  r 
represents  Che  retention  ratio  in  its  conventional  sense,  for 
as  he  notes,  Che  two  approaches  are  equivalent  as  long  as  r 
is  "suitably  denoninated."  Llntner,  Haxlnun  Corporate  Growth 
under  Pneertainty.  op.  cit.,  pp.  184-186. 

472.  Net  incone  (or  'total  profit')  divided  by  the  nuad>er  of  shares 
outstanding. 

473.  This  equation  corresponds  to  equation  (108),  which  gives  the 
nsrket  value  of  the  fim's  equity.  Letting  N denote  the  nuaber 
of  shares  outstanding,  the  exact  correspondence  is  given  by 

pK  - N.X  and  P - V/H  . In  (181),  as  in  (108),  it  is  assuned 
that  g ^ i so  tf{ac  the  indefinite  integral  exists.  It  should 
be  noted  that,  if  new  equity  issuea  are  pemitted,  aquation 
(181)  is  only  slii^Cly  nodifled,  beconing 

^o  * 1 - (t-«^  ' 

where  n = dlogM/dt  is  the  relative  rata  at  which  new  shares 
are  issued. 

474.  Ibid.,  p.  185. 

475.  This  interpretstion  of  (l-r)dg/dr  is  Lintner's.  Ibid.,  p.  186. 

476.  Vftien  the  value  nazinising  fim  is  in  equillbriun,  i.e.  growing 
along  its  aqullibrlun  steady  state  growth  path,  the  inequalities 
in  (183)  bacons  equalities.  Since  it  is  shown  below  that  in 
equillbriun  dg/dr  equals  the  current  eacningp  yield  on  a share 
of  stock,  (183)  written  as  an  equality  nsrely  states  that^when 
die  fim  is  in  equilibrlun,  the  equal  rate  of  return  principle 

nust  hold.  Hence,  the  econonlc  interpretation  of  the  characterisation 
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of  dlBoqulllbrluB  provldad  by  th*  Inequality  (183)  Is  soasuhaC 
richer  than  the  Interpretation  of  (182) . 


477.  The  remainder  of  the  discussion  follows  Lintner,  Maximum  Corporate 
Growth  under  Uncertainty,  op.  cit..  pp.  187-197.  In  the  two 
earlier  papers  indicated  in  footnote  468  Lintner  first  defined 
the  profit  rate  as  a random  variable,  and  then  expressed  the 
variance  of  the  growth  rate  in  terms  of  the  variance  of  the 
profit  rate.  Since  his  later  approach  is  somewhat  simpler,  it 
is  the  one  followed  here.  See  Lintner,  The  Cost  of  Capital  end 
Optimal  Financina  of  Corporate  Cr<sfth.  op.  cit..  pp.  305-306, 
end  Lintner,  Optimal  Dividends  and  Corporate  Growth  under 
Uncertainty,  op.  cit..  pp.  66-67.  It  should  be  noted  that  the 
probability  distribution  of  growth  rates  is  subjective  in  the 
sense  that  it  is  based  on  management's  assessment  of  the  future. 
The  raaaon  for  requiring  fixed  duration  is,  of  course,  that 
comparisons  are  only  meaningful  when  the  length  of  the  interval 
is  fixed  (though  the  particular  length  is  irrelevant). 


478.  It  is  the  statlonarlty  of  the  probability  distribution,  and  in 
particular,  the  constancy  of  the  variance,  that  constitutes 
'stable  uncertainty'.  In  the  next  subaection  the  variance  will 
increase  with  futurity,  and  that  version  of  the  model  will  be 
said  to  involve  'increasing  uncertainty'. 

479.  It  is  understood  that  g and  a * are  both  functions  of  the 
length  of  the  tiam  Interval  ovet^tihich  growth  is  measured. 

That  is.  the  mean  and  variance  should  be  expressed  as  f(T) 
and  a ^ ) , where  T is  the  period  over  which  growth  is 

measured.  For  simplicity,  it  is  assumed  that  the  length  of 
the  interval  has  already  been  specified,  so  that  T may  be 
suppressed. 

480.  For  any  variable  X with  initial  value  X and  with  exponen- 
tial growth  rate  g , the  distribution  of  which  is  stationary 
over  tine,  the  value  of  the  variable  t periods  into  the  future 

is 


t 


*t- 


^ *1 
1-1 


» 


where  g.  is  the  actual  growth  rate  during  the  i-th  period 
and  where  it  has  been  assumed  for  simplicity  that  each  time 
period  is  of  unit  length  (i.e.  t • 1).  Than 


t 

In  X,.  - In  X + E g.  . 

* ® 1-1^ 

Since  the  g.'s  are  normally  distributed,  since  the  sum  of  any 
finita  nuAw  of  independent  normally  distributed  random  varia- 
bles is  normally  distributed,  and  since  adding  a constant  will 
not  affect  the  normality,  it  follows  that  In  X is  normally 
distributed. 
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461.  Th«  aodcl  la  a continuoua  tlaa  aodal.  Tha  uaa  of  tha  tara 
'parlod'  la  aaant  aaraly  to  Indlcata  that  tha  tlaa  unit 
(which  auat  ba  apaclflad  la  ordar  for  tha  dlatrlbutlon  of  g 
to  ba  apaclflad)  aay  ba  choaan  aibltrarlljr. 

482.  It  la  not  nacaaaaxy  that  Invaators*  axpactatlona  ba  hoaosanaoua; 
tha  aaaa  conclualona  ara  drawn  If  Invaatora*  aaaaaaaanta  ara 
peralttad  to  dlffar.  Saa  Llntnar,  Equlllbrlw  In  a Kandoa  Walk 
and  Loanoraal  Sacffltlaa  Harkat.  op.  clt.  Saa  alao  J.A.  Ohlaon 
and  W.tT  Zluba,  "Portfolio  Salactlon  In  a Lognoraal  Maikat 
VA\an  tha  Invaator  Haa  a Powar  Utility  Function,"  Journal  of 
Financial  and  Quantltatlva  Analyala  (wol.  11;  no.  1;  Harch  1976), 
pp.  57-71. 

483.  Tha  utility  function  la  of  tha  flm  U(*)  - -(*)"*  , whara 

a > 0 aaaauraa  the  dagraa  of  rlak  avaralon  and  whara  x la 
tha  uncartaln  ratum.  Ibid. . pp.  69-70.  Saa  alao  J.  Tinbergen, 
"na  OptlauB  Rata  of  Saving,"  Econoalc  Journal  (vol.  66;  no. 

264;  Daceifcar  1956),  pp.  603-609. 

484.  See  footnote  126. 

485.  For  tha  derivation  of  aquation  (185)  aaa  Llntnar,  Maxlaua 
Corporate  Growth  under  Uncertainty,  op.  clt..  pp.  192-194 
and  aactlon  B of  tha  appendix. 

486.  Ibid.,  p.  229.  In  tba  portfolio  aalactlon  problaa  that  undar- 
llaa  the  datarainatlon  of  tha  oq«illibrl«a  vector  of  atock  prlcaa, 
each  Invaator  aaxlalxaa  Ita  expected  utility  of  and-of-peclod 
wealth  atAJact  to  a conatralnt  axpraaaad  In  tarua  of  Ita  Initial 
wealth  andoweant.  Tha  general  aqulllbrlua  aodal  aat  up  to 
aolva  thla  problaa  ganarataa  a ahadow  price  for  each  audi  wealth 
conatralnt,  and  ai  la  tha  weighted  average  of  thaaa  ahadow 
prlcaa,  whara  tha  weight  aaaoclated  with  each  Invaator  la  equal 
to  tha  fraction  of  the  aarkat'a  total  wealth  In  tha  handa  of  the 
Individual  Inventor  divided  by  tha  alaaticlty  of  that  Inveator'a 
utility  ftmctlon  (l.a.  ita  dagraa  of  rlak  avaralon  aa  aabodlad 
In  tha  conatant  a — aaa  footnote  483) . 

487.  Ibid.,  pp.  192-193,  196,  229. 

488.  Ibid. . p.  194.  Saa  alao  Llntnar,  Opting  Dlvldeoda  and  Corporate 
Growth  under  Uncertainty,  op.  dt.,  p.  69. 

489.  Llntnar,  Maxi—  Corporate  Crowtii  under  Dta certainty,  op.  clt.. 
pp.  194,  liT.  Tha  fraction  f(o  .)  la  a weighted  aue  of  tha 
covarlancaa  of  tha  flm'a  ahare  ^nca  with  other  ahara  prlcaa. 

490.  Mote  that  thla  tars  aey  ba  negative  (ao  that  -af(o  .)  la 
poaltlve)  whan  tha  price  of  the  atock  novea  in  a coUtarcycllcal 
pattern  with  regard  to  tha  natkat  average.  Thla  ralaan  g and 
thard^  Inereanaa  tha  ahara  price  P . Tha  reaaon  for  thla  la 
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that  counCarcycllcal  stocka  hav*  tha  affact  of  reducing  the  overall 
variability  of  returns  — i.a.  portfolio  risk  — when  included  in  a 
portfolio.  Vftien  investors  are  risk  averse,  the  contribution  to 
risk  reduction  causes  investors  to  bid  up  the  share  price. 


491. 


492. 


Yet  another  interpretation  of  (185)  is  possible.  Since 
oj-g-u)  - (g-  aca^^  - af(o^j)) 

- [u  + oco  ^ + af(o  )]  - g , 

8 


the  expression  in  brackets  can  be  interpreted  as  a risk-adjusted 
discount  factor  (or  IntarMt  rate),  where  u is  the  riskless 
discount  factor  and  oCOg  + af(0^j)  is  the  'risk  preelua'.  Then 
the  current  share  price  is  equal  to  the  present  value  of  the 

future  dividend  streaa,  tdiere  the  appropriate  discount  rate  is  the 
risk-adjusted  one. 


Additionally  it  is  assuaed  that  f in  (187)  is  twice  dlfferenti^le 
with 


a2- 


< 0 


ii 


3(Og^)‘ 


> 0 , 

3r3o^^ 


whidi  iaply  that  f is  a concave  function. 

493.  The  efficient  set  possesses  tha  following  properties: 

(a)  for  all  feasible  policy  aixes  with  the  saae  g and  r , 
only  the  one  with  ainlaua  o.^  is  adaitted; 

(b)  for  all  feasible  policy  aiim  with  the  seas  and  r , 

only  the  one  with  aaxlaua  g is  adaitted;  ai^ 

(c)  for  all  feasible  policy  aiass  with  the  ssaa  g and  , 
only  the  one  with  ainlaua  r is  adaittad. 

Thus,  in  figure  11-23  the  shaded  area  consists  of  feasible  policy 
aixes,  but  those  lying  to  the  rl^t  of  and  below  the  solid  line  do 
not  belong  to  the  efficient  set. 

494.  Ibid.,  p.  190. 

495.  Ibid.,  p.  190. 

496.  It  follows  froa  the  concavity  of  "g  (see  footnote  492)  that  these 
conditions  are  also  sufficient  for  a global  aaxlaua. 


A 


1 

1 


6 


497. 


2 

Sm  figure  11-23.  At  ell  points  above  Che  Og  axla  the  slope 
of  the  contour,  3^/30g2  ■ d^/dvg  , ^a  finite.  Only  where  the 
efficient  contour  touches  the  axis  (g  ■ 0 and  Qg^  a ainlBUB) 

■l^t  the  slope  becoae  infinite. 

498.  In  fact,  it  la  clear  that  (193)  reduces  to  (1^3)  when  all  uncertainty 
is  reaoved,  for  then  g • g , 3g/3r  ■ 3g/3r  , g ~ g * g t and 
therefore,  u ■ 1 . This  correspondence  between  u and  1 
justifies  calling  u the  'riskless  rate  of  interest'  in  the 
uncertainty  case. 

499.  See  subsection  7 of  section  C of  chapter  one  of  this  paper,  and 
in  particular,  figure  I-l. 

500.  Lintner  argues  that  "the  best  dividend  payout  x*  will  vary 
inversely  — and  the  best  retention  ratio  will  vary  directly  — with 
the  level  of  the  risks  being  borne  by  the  firm."  Ibid.,  p.  197. 
Lintner's  stateaent  appears  inconsistent  with  his  finding  that  "the 
optiaal  dividend  payout  ratio  x*  will  be  hi^er  (and  the  best 
retention  ratio  r*  will  be  lower)  [under  uncertainty]  than  under 
certainty."  Ibid. . p.  197.  In  the  opinion  of  this  writer,  Lintner's 
second  stateaent  is  correct  and  his  first  stateaent  is  backwards. 

501.  Under  uncertainty  a growth  naxlalzer  would  aaxlmize  the  expected 
rate  of  growth. 

502.  See  (184)  above. 

503.  Ibid.,  p.  202. 

504.  The  discussion  follows  ibid.,  pp.  203-213.  An  earlier  version  of 
the  increasing  uncertainty  ai^el  (but  with  the  disturbances  built 
directly  into  the  profit  rate  rather  than  directly  into  the  growth 
rate,  as  in  the  later  version)  can  ba  found  in  Lintner,  Optiaal 
Dividends  and  Corporata  Growth  under  Uncertainty,  op . cit . . 

pp.  76-91. 

505.  Lintner,  Maxiaua  (k>rporate  Growth  under  Uncertainty,  op.  cit., 
pp.  203-204. 

506.  Bv  this  assua^tion  the  sequence  of  essessed  future  growth  rates 
{g(T)}  beginning  at  any  particular  point  in  tias  foraa  a randoa 
walk. 

507.  Ibid. . p.  204. 

508.  See  footnote  243. 

509.  Ibid.,  p.  207. 

510.  Ibid. . p.  206.  It  should  be  noted  that  all  but  (v)  carry  over 
directly  froa  the  'stable  uncertainty'  version  of  the  aodel. 
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511.  Ibid.,  pp.  209-213. 

512.  Ibid. . p.  210. 

513.  Ibid.,  pp.  211-212.  That  Is,  (191)  still  holds  when  Is 

Independent  of  the  firm's  decisions  (which  makes  sense  Intuitively 
because  setting  equal  to  any  particular  value,  say  • 0 , 

as  In  the  'stable  uncertainty'  case,  will  not  affect  the  firm's 
choice  of  Vq  ).  But  making  dependent  on  v^  will  affect 

the  firm's  selection  of  Vq  , and  when  the  firm  Is  In  equilibrium 

(In  the  second  case  considered  by  Lintner),  dg^/dVg  dg/dv^  - aC  > 0 , 
where  Is  the  Initial  certainty  equivalent  of  the  firm's  growth 

rate. 

514.  Ibid. . p.  180. 

515.  Ibid. . pp.  173-177. 

516.  See  Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  clt.,  ch.  10. 

517.  The  time-state-preference  approach  was  developed  by  Arrow  and  has 
been  extended  by  Oebreu  and  Hlrshlelfer.  See  K.J.  Arrow,  ’’The  Role 
of  Securities  In  the  Optimal  Allocation  of  Risk- Bearing,"  Review  of 
Economic  Studies  (vol.  31;  no.  86;  April  1964),  pp.  91-96;  G.  Debreu, 

The  Theory  of  Value  (Wiley;  New  York;  1959);  J.  Hlrshlelfer, 

"Efficient  Allocation  of  Capital  In  an  Uncertain  World,"  American 
Economic  Review  (vol.  54;  no.  3;  May  1964),  pp.  77-85;  J.  Hlrshlelfer, 
"Investment  Decision  Under  Uncertainty:  Choice- Theoretic  Approaches," 
Quarterly  Journal  of  Economics  (vol.  79;  no.  4;  November  1960), 

pp.  509-536;  and  J.  Hlrshlelfer,  "Investment  Decision  Under 
Uncertainty:  Applications  of  the  State-Preference  Approach," 

Quarterly  Journal  of  Economics  (vol.  80;  no.  2;  May  1966), 
pp.  252-277.  Related  work  includes  Diamond,  op.  clt.;  Myers,  op.  clt.; 
and  Leland,  Production  Theory  and  the  Stock  Market,  op.  clt.  The 
mean-variance  and  time-state-preference  approaches  to  the  portfolio 
selection  problem  are  compared  In  both  Hlrshlelfer,  Investment 
Decision  Under  Uncertainty:  Choice-Theoretic  Approaches,  op.  clt.. 
and  In  Hlrshlelfer,  Investment , Interest,  and  Capital,  op.  clt. 

The  latter  also  summarizes  the  Important  results  contained  in  the 
three  Hlrshlelfer  papers  cited  earlier  in  this  footnote. 

518.  Modigliani  and  Miller,  The  Cost  of  Capital.  Corporation  Finance  and 
the  Theory  of  Investment,  op.  clt. 

519.  The  notion  of  a state  of  nature  Is  somewhat  Imprecise.  A state  of 
nature  la  some  configuration  of  the  Individual  decision-maker's 
choice  environment.  Yet,  just  how  the  set  of  distinct  possible 
states  Is  to  be  specified  Is  unclear.  Because  there  does  not  exist 
a natural,  generally  agreed-upon,  and  manageably  small  set  of  state 
definitions  readily  applicable  to  the  real  world.  It  would  be  very 
difficult  to  test  empirically  a time-state-preference  model,  and  as 
yet,  no  one  has  accomplished  this.  See  Hlrshlelfer,  Investment, 
Interest,  and  Capital,  op.  clt..  p.  277,  on  this  point.  Nevertheless, 

It  Is  typically  assumed  that  a finite, set  of  distinct  possible  states 
of  nature  exists  for  each  future  period.  Ibid. , pp.  216-217. 
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520. 


Ibid.,  p.  217. 


521.  Strictly  speaking,  the  conplex  entitleaent  is  called  an  asset,  and 
assets  that  are  tradable  are  called  securities.  Ibid. . p.  216. 

For  the  Halted  purposes  of  this  brief  introduction,  this  distinction 
is  not  iaportant. 

522.  In  this  subsection  the  role  of  the  fira,  i.e.  production,  is 
abstracted  froa  in  order  to  focus  the  discussion  on  pure  exchange. 

Once  the  basic  tlae-state-preference  fraaevork  has  been  presented, 
the  fora  will  be  brou^t  into  the  discussion. 

523.  What  follows  is  based  on  ibid. . pp.  231-235,  244-248,  and  Hlrshlelfer, 
Investaent  Decision  Under  Uncertainty;  Choice-Theoretic  Approaches. 
op.  cit..  pp.  523-530. 

524.  Continuing  the  previous  exaaplea,  state  a aight  represent  war  and 
state  b peace,  or  state  a ai^ht  represent  prosperity  and  state  b 
depression. 

525.  The  justification  for  this  shape  is  provided  by  Hlrshlelfer.  Ibid., 
pp.  525-526.  Put  slaply,  a concave  shape  would  imply  that,  idien 
utility  is  aaxialzed  subject  to  a wealth  constraint,  such  as  that 
eid>odled  in  the  line  W in  figure  II-25(a),  a comer  solution 
would  result.  But  since  a comer  solution  would  imply  that  the 
individual  had  staked  literally  everything  on  the  occurrence  of  a 
particular  state  (and  absolute  impoverishment  if  the  other  state 
dbtainmd) , eoneavlby  must  bm  rmieccmd  as  a poasil>le  shape.  Though 
other  shapes  somewhere  between  ttie  extremes  of  convexity  and 
concavity  are  not  excluded  by  this  argument,  it  can  be  shown  that, 
under  the  von  Neumann-Hcrgenstem  postulates  of  rational  choice, 
there  exists  a unique  preference-scaling  fimction  v(c)  for 
contingent  incomes  c that  holds  over  all  possible  states  and  that, 
if  v(e)  is  a concave  function  (indicative  of  risk  aversion),  the 
indifference  curves  in  figure  11-25  must  be  convex  to  the  origin. 
Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  cit.. 

pp.  218-221,  233-234.  It  should  be  noted  that  Hirshleifer's 
argument  requires  the  use  of  a cardinal  measure  of  utility. 

Recently,  Hishan  has  suggested  an  approach  that  would  remove  this 
restriction.  See  E.J.  Mishan,  "Choices  Involving  Risk:  Simple 
Steps  Toward  an  Ordinallst  Analysis,"  Economic  Journal  (vol.  86; 
no.  344;  Deceaber  1976),  pp.  759-777. 

526.  As  in  ^e  ordinary  case,  the  convex  shape  of  each  isoquant  is 
interpreted  economically  to  mean  that  the  individual  has  a diminishing 
marginal  rate  of  substitution  of  one  type  of  claim  for  the  other. 

That  is,  along  any  isoquant,  as  contingent  claims  Cj^.  are 
substituted  for  contingent  claims  Cj^i,  , as  for  exaapla  iriien  the 
individual's  pair  of  contingent  claims  (cxu>cib)  moves  from  point 

A to  point  B in  figure  II-25(a),  say  through  an  exchange  of  claims 
with  some  other  individual,  the  rate  at  which  he  is  willing  to 
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sacrifice  additional  amounts  of  c^i,  In  return  for  additional 
amounts  of  cj^^  (l.e.  - dcnj/^^^^la  ^ diminishes  as  Cj^^  Increases 
(and  as  cib  decreases) . 

For  example,  ml^t  be  thought  of  as  the  Indlvldutd's  current 

stock  of  liquid  assets  (e.g.  cash)  and  and  y]^^,  might  be 

thought  of  as  the  future  returns  to  be  received  from  investments 
to  which  the  Individual  is  unalterably  conmltted,  where  the  exact 
amount  to  be  received  Is  dependent  on  the  future  state  of  nature 
(e.g.  war  versus  peace). 


528.  See  footnote  126  for  a precise  definition  of  a perfect  market 


A market  for  contingent  claims  Is  complete  provided  there  are 
securities  sufficient  In  number  and  characteristics  to  permit 
individuals  to  carry  out  exchanges  among  all  the  objects  of  choice 
that  enter  their  Individual  preference  functions.  A mathematical 
Interpretation  of  this  concept  might  be  helpful.  Denote  a security 
X by  X - (xo»*la»*lb)  * *'•  denote  flows  of  the 

generalized  commodity  at  different  dates  and  in  different  states. 

In  order  that  the  market  for  contingent  claims  be  complete,  it  Is 
necessary  and  sufficient  that  at  least  three  securities  exist  such 
that  the  associated  three-co^>onent  vectors  span  . Any  three 
vectors  that  form  a basis  will  do,  and  the  simplest  of  these  is  the 
natural  basis  (see  the  next  footnote) . 


These  securities  are  called  elementary  eeouritiee  and  correspond  to 
the  natural  basis  for  . Note  that  Xj  ■ (3,2,1)  , X2  “ (1,0,4) 
and  X3  ■■  (0,3,0)  would  also  make  the  market  for  contingent  claims 
complete  since,  for  any  feasible  desired  consuaq>tlon  set 
(Co,cia>Cib)  > It  Is  possible  to  find  amounts  of  these  securities, 
a^,  a2,  and  a3  , respectively,  such  that 

(c-,c-  ,c,.)  - a, (3,2,1)  + a,(l,0,4)  + a (0,3,0)  , 


l.e.  such  that  the  most  desired  consumption  set  can  be  achieved 
through  exchange.  If  only  two  securities  exist,  say  X3  and  X 
then  some  consumption  sets,  such  as  (2,2,2)  , are  unobtainable. 
In  this  case  the  market  for  contingent  claims  is  said  to  be 
inooirplete. 

Then  ^31^  represents  the  amount  of  Cg  that  must  be  sacrificed 
to  obtain  a unit  claim  to  consumption  at  tima  t - 1 if  and  onl; 
state  a obtains,  and  la  interpreted  similarly. 


For  Cg  fixad,  equation  (198)  corresponds  to  the  line  W in 
figure  Il>2S(a) . Equation  (198)  also  corrasponds  to  the  "budget 
line"  in  the  traditional  analysis  of  the  consumsr's  budgat  allocation 
problem. 


533.  An  economy  consists  of  a number  of  Individuals,  each  of  whom 

solves  a problem  of  the  form  (199).  The  exact  form  of  the 
utility  function  may  vary  from  one  individual  to  another,  although, 
by  the  perfect  markets  assumption,  each  individual  faces  (and  takes 
as  given)  the  prices  4*2^3  and  . Indeed,  problem  (199),  when 

solved  for  all  individuals  simultaneously  subject  to  the  conserva- 
tion relations,  yields  the  general  equilibrium  prices  ^2^3  and 
4)2b  (although,  it  should  be  emphasized,  these  are  not  absolute 
prices,  but  are  only  relative  prices  in  terms  of  ). 

534.  Conditions  (201)  are  perfectly  analogous  to  the  equilibrium 

conditions  in  the  three-good-single  period-certainty  case,  namely, 
that  the  consumer  will  allocate  his  budget  in  such  a way  that, 
when  he  is  in  equilibrium,  the  marginal  rate  of  substitution 
between  each  pair  of  goods  must  equal  the  ratio  of  the  market 
prices  of  those  goods  (recall  that  $ =1  since  c has  been 

chosen  to  serve  as  the  numeraire). 

535.  I.  Fisher,  The  Theory  of  Interest  (Macmillan;  New  York;  1930; 
reprinted,  Augustus  M.  Kelley,  1955),  and  Hlrshlelfer,  Investment 
Decision  Under  Uncertainty;  Applications  of  the  State-Preference 
Approach,  op.  cit.,  pp.  252-253. 

536.  If  any  individual  engages  in  production  on  his  own,  say  farming, 
such  a situation  is  formally  equivalent  to  one  in  which  that 
individual  is  the  sole  owner  of  a firm  that  produces  the  good  in 
question.  In  other  words,  the  use  of  the  term  "firm"  is  meant 
to  Include  all  forms  of  productive  organization. 

537.  Note  that  the  form  in  which  the  production  function  is  expressed 
implies  that  there  may  be  technological  uncertainty.  That  is,  if 
the  states  of  nature  are  defined  in  terms  of  different  states  of 
technology  (e.g.,  in  the  two-state  case,  according  to  whether  or 
not  a major  invention  coupled  with  innovation  takes  place),  q^^ 

' could  denote  production  in  one  state  of  technology  while  q^^^ 
could  denote  production  in  the  other. 

538.  That  is,  the  Investment  opportunity  set  for  each  Investor  when 
every  firm  maximizes  its  equilibrium  market  value  includes  the 
Investor's  opportunity  set  (under  equilibrium  market  prices)  that 
would  exist  if  one  or  more  flmiE  deviated  from  value  maximization. 

539.  When  markets  are  Incomplete,  the  set  of  available  securities  fails 
to  provide  a set  of  consumption  sets  that  forms  a basis  for 

(in  this  case  ).  As  a result,  trading  in  contingent  claims  is 
severely  restricted  and  a single  unambiguous  market-determined 
value  for  each  firm  does  not  exist,  l.e.  it  is  impossible  to 

obtain  a net  present  certainty-equivalent  value  for  each  stream  of 
contingent  claims,  and  the  above  analysis  breaks  down.  See 
Hlrshlelfer,  Investment,  Interest,  and  Capital,  op.  cit. , 
pp.  264-272. 
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5A0.  These  equilibrium  conditions  are  analogous  to  the  equilibrium 
conditions  (25),  (26),  and  (27)  obtained  above  In  section  B for 
the  single  period  case  under  certainty. 

5A1.  In  the  pure  exchange  and  the  production  and  exchange  models  Just 
considered,  there  was  Just  one  future  period.  For  extensions  of 
the  time-state-preference  approach  to  more  than  one  future  period, 
see  Myers,  op.  clt. . and  J.H.  Dreze  and  F.  Modigliani,  "Epargne 
et  consommatlonen  avenlr  a le  atolre,"  Cahlers  du  semlnalre 
d'econometrle  (1966) . Neither  of  these  permits  trading  In  any  but 
the  current  period.  For  a recent  multiperiod  model  that  does 
allow  trading  to  take  place  In  Intermediate  periods,  see  A.  Kraus 
and  R.H.  Lltzenberger , "Market  Equilibrium  In  a Multiperiod  State 
Preference  Model  with  Logarithmic  Utility,"  Journal  of  Finance 
(vol.  30;  no.  5;  December  1975),  pp.  1213-1227. 

5A2.  See  footnote  126  and  subsection  1 of  section  I. 

5A3.  What  follows  Is  based  on  Hlrshlelfer,  Investment.  Interest,  and 
Capital,  op.  clt..  pp.  263-26A. 

5AA.  It  Is  assumed  here  that  the  firm  raises  all  funds  externally. 

While  actual  firms  do  raise  a substantial  portion  of  their  Invest- 
ment funds  Internally,  here  It  Is  assumed  that  all  earning  are 
fully  distributed  to  shareholders,  who  then  decide  how  to  allocate 
these  funds  among  firms. 

5A5.  In  effect,  the  firm  Is  liquidated  at  the  end  of  the  period  and 
bondholders  receive  principal  plus  Interest  and  shareholders 
receive  the  value  of  their  shares  plus  dividends. 

5A6.  One  potential  source  of  confusion  concerning  equations  (208)  should 

be  noted.  Shares  are  generally  viewed  as  riskier,  and  hence  less 

desirable,  than  bonds  since.  In  the  event  of  bankruptcy,  the 

bondholders  have  first  claim  on  the  firm's  assets,  whereas  the 

shareholders  are  residual  claimants  only.  Thus,  It  might  be 

thought  that  ej^  Is  "riskier"  than  dj^^  , and  hence,  that  ej^^ 

should  sell  at  a lower  price  Chan  . But  this  "risk"  has 

already  been  taken  Into  account  In  the  quantification  of  ej^g  and 

djg  . If  q^.  < dQ(l  + r)  , where  r Is  the  rate  of  Interest  on 

bonds,  then  - q^g  and  ■ 0 . In  other  words,  conditional 

upon  the  occurrence  of  the  states  a and  b , Che  returns  d]^^  , 

<^11.  • > and  e,,  all  become  certainties, 

lb  la  ’ lb 

5A7.  A fuller  discussion  than  the  one  provided  here  Is  given  In  Ibid. , 
pp.  26A,  271-272,  which  also  Includes  a numerical  example  to 
Illustrate  that  the  financing  decision  Is  of  consequence  to  the 
market  value  of  the  firm  when  markets  are  Incomplete. 

548.  A fuller  discussion  of  the  effects  of  market  Imperfections  can  be 
found  In  Hlrshlelfer,  Investment  Decision  Under  Uncertainty; 
Applications  of  the  State-Preference  Approach,  op.  clt.. 
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pp.  267-268.  More  specifically.  It  has  been  shovm  that  the 
question  of  the  firm's  optimal  capital  structure  Is  not 
irrelevant  when  (1)  Investors  Incur  transactions  costs  when 
trading  securities  (W.J.  Baumol  and  B.  Malklel,  "The  Firm's 
Optimal  Debt-Equity  Combination  and  the  Cost  of  Capital," 

Quarterly  Journal  of  Economics  (vol.  91;  no.  4;  November  1967), 
pp.  547-578);  (11)  securities  markets  are  partially  segmented  and 
debt  Is  traded  In  a separate  market  where  Investors  are  either 
more  pessimistic  about  the  firm  or  more  risk  averse  than  equity 
holders  (J.E.  Stlglltz,  "Some  Aspects  of  the  Pure  Theory  of 
Corporate  Finance:  Bankruptcies  and  Take-Overs,"  Bell  Journal  of 
Economics  and  Mangagement  Science  (vol.  3;  no.  2;  Autumn  1972), 
pp.  458-482,  and  M.  Rubinstein,  "Corporate  Financial  Policy  In 
Segmented  Markets,"  Journal  of  Financial  and  Quantitative  Analysis 
(vol.  8;  no.  5;  December  1973),  pp.  749-761);  (111)  corporations 
can  borrow  at  a lower  rate  of  Interest  than  can  Investors 
(Modigliani  and  Miller,  The  Cost  of  Capital,  Corporation  Finance 
and  the  Theory  of  Investment,  op.  clt.) ; and  (iv)  the  probability 
of  bankruptcy  Is  nonzero  and  there  are  costs  associated  with 
bankruptcy  and  reorganization  (H.  Blerman,  Jr.,  and  J.  Thomas, 

"Ruin  Considerations  and  Debt  Issuance,"  Journal  of  Financial  and 
Quantitative  Analysis  (vol.  7;  no.  1;  January  1972),  pp.  1361-1378; 
A.  Kraus  and  R.H.  Lltzenberger,  "A  State-Preference  Model  of 
Optimal  Financial  Leverage,"  Journal  of  Finance  (vol.  28;  no.  4; 
September  1973),  pp.  911-922;  A.  Roblchek  and  S.  Myers,  "Problems 
In  the  Theory  of  Optimal  Capital  Structure,"  Journal  of  Financial 
and  Quantitative  Analysis  (vol.  1;  no.  2;  June  1966),  pp.  1-35; 

V..L.  Smith,  "Corporate  Financial  Theory  under  Uncertainty," 
Quarterly  Journal  of  Economics  (vol.  84;  no.  3;  August  1970), 
pp.  451-471;  V.L.  Smith,  "Default  Risk,  Scale,  and  the  Homemade 
Leverage  Theorem,"  American  Economic  Review  (vol.  62;  no.  1;  March 
1972),  pp.  66-76;  and  J.H.  Scott,  Jr.,  "A  Theory  of  Optimal  Capital 
Structure,"  Bell  Journal  of  Economics  (vol.  7;  no.  1;  Spring  1976), 
pp.  33-54). 

549.  Modigliani  and  Miller,  The  Cost  of  Capital,  Corporation  Finance 
and  the  Theory  of  Investment,  op.  clt. . pp.  268-271. 

550.  The  literature  Is  extensive.  The  more  often  cited  papers  Include 
the  following:  D.P.  Baron,  "Price  Uncertainty,  Utility,  and 
Industry  Equilibrium  in  Pure  Competition,"  International  Economic 
Itevlew  (vol.  11;  no.  3;  October  1970),  pp.  463-480;  D.P.  Baron, 
"Demand  Uncertainty  In  Imperfect  Competition,"  International 
Economic  Review  (vol.  12;  no.  2;  June  1971),  pp.  196-208; 

P.J.  Dhrymes,  "On  the  Theory  of  the  Monopolistic  Multiproduct  Firm 
under  Uncertainty,"  International  Economic  Review  (vol.  5;  no.  3; 
September  1964),  pp.  239-257;  J.H.  Dreze  and  J.J.  Gabszewlcz, 
"Demand  Fluctuations,  Capacity  Utilization  and  Prices,"  Operations 
Research  Verfahren  (vol.  3;  1967),  pp.  119-141;  E.  Sheshlnskl  and 
J.H.  Dreze,  "Demand  Fluctuations,  Capacity  Utilization,  and  Costs," 
American  Economic  Review  (vol.  66;  no.  5;  December  1976), 
pp.  731-742;  H.E.  Leland,  "Theory  of  the  Firm  Facing  Uncertain 


Demand,"  American  Economic  Review  (vol.  62;  no.  3;  June  1972), 
pp.  278-291;  J.J.  McCall,  "Competitive  Production  for  Constant 
Risk  Utility  Functions,"  Review  of  Economic  Studies  (vol.  34; 
no.  4;  October  1967),  pp.  417-420;  E.S.  Mills,  "Uncertainty  and 
Price  Theory,"  Quarterly  Journal  of  Economics  (vol.  73;  no.  1; 
February  1959),  pp.  116-130;  R.R.  Nelson,  '^Uncertainty,  Prediction, 
and  Competitive  Equilibrium,"  Quarterly  Journal  of  Economics 
(vol.  75;  no.  1;  February  1961),  pp.  41-62;  W.Y.  01,  "The  Desira- 
bility of  Price  Instability  under  Perfect  Competition," 

Econometrics  (vol.  29;  no.  1;  January  1961),  pp.  58-64;  A.  Sandmo, 
"On  the  Theory  of  the  Competitive  Firm  under  Price  Uncertainty," 
American  Economic  Review  (vol.  61;  no.  1;  March  1971),  pp.  65-73; 
C.A.  Tlsdell,  The  Theory  of  Price  Uncertainty,  Production,  and 
Profit  (Princeton  University  Press;  Princeton,  N.J.;  1968); 

E.  Zabel,  "A  Dynamic  Model  of  the  Competitive  Firm,"  International 
Economic  Review  (vol.  8;  no.  2;  June  1967),  pp.  194-208;  and 
E.  Zabel,  "Monopoly  and  Uncertainty,"  Review  of  Economic  Studies 
(vol.  37;  no.  2;  April  1970),  pp.  205-220.  A summary  of  the 
contents  of  most  of  these  papers  Is  given  In  Baron,  Price 
Uncertainty,  Utility,  and  Industry  Equilibrium  In  Pure  Competition. 
op.  clt.  This  subsection  Is  concerned  primarily  with  the  model 
presented  In  the  Leland  paper. 

551.  See,  for  example,  Dhrymes,  op.  clt,,  Dreze  and  Gabszewlcz,  op.  clt.. 
Mills,  op.  clt.,  Sandmo,  op.  clt.,  Tlsdell,  op.  clt.,  and  Zabel, 
Monopoly  and  Uncertainty,  op.  clt. 

552.  See,  for  example,  Dreze  and  Gabszewlcz,  op.  clt. . Tlsdell, 
op.  clt.,  and  Zabel,  A Dynamic  Model  of  the  Competitive  Firm, 
op.  clt. 

553.  Either  the  notion  that  risk  average  Investors  control  the  firm  or 
the  notion  that  "security"  Is  one  of  management's  goals  may  be 
Invoked  to  justify  a risk  averse  utility  function  for  the  firm. 

554.  See,  for  example,  Dhrymes,  op.  clt.,  and  Sandmo,  op.  clt. 

555.  This  still  leaves  open  the  question  of  whose  utility  Is  being 
maximized:  the  utility  of  managers  or  the  utility  of  shareholders. 
Even  If  this  Issue  could  be  resolved,  there  still  remains  the 
question  of  whose  utility  Is  being  maximized  when  Individuals  within 
the  dominant  group  have  different  utility  functions,  for  Arrow  has 
shown  that  there  does  not  exist  a social  choice  rule  for  aggregating 
Individual  preferences  that  possesses  all  the  properties  one  would 
like  such  a rule  to  possess.  See  K.J.  Arrow,  Social  Choice  and 
Individual  Values.  2nd  ed.  (Wiley;  New  York;  1963).  Moreover,  It 

is  not  clear  just  how  the  requirements  should  be  weakened  so  that 
an  acceptable  rule  may  be  obtained.  For  a discussion  of  these 
points  see  Heal,  op.  clt.,  ch.  2.  One  way  around  the  problem  is 
to  assume,  as  Sandmo  suggests,  that  decisions  are  made  either  by 
a single  Individual  or  by  a small  group  of  individuals  whose 
preferences  are  sufficiently  similar  to  permit  the  existence  of 
a group  utility  function.  Sandmo,  op.  clt.,  pp.  65-66. 
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Actually,  there  are  three  different  quantity  variables:  quantity 
demanded,  quantity  produced,  and  quantity  supplied  to  the  market. 
Following  Leland,  It  will  be  assumed  that  the  product  market  Is 
In  equilibrium  and  that  there  are  no  advantages  to  Inventory 
holding,  so  that  all  three  quantities  are  equal  and  may  be 
represented  by  a single  variable,  q . 


That  Is,  firms  are  usually  treated  as  quantity  setters,  rather 
than  as  price  setters.  See,  for  example,  Baron,  Price  Uncertainty, 
Utility,  and  Industry  Equilibrium  In  Pure  Competition,  op.  clt.; 
Dhrymes,  op.  clt.;  Nelson,  op.  clt.;  01,  op.  clt.;  and  Sandmo, 
op.  clt.  Two  exceptions  to  this  statement  are  Dreze  and 
Gabszewlcz,  op.  clt..  In  which  quantity  demanded  Is  a random 
variable  and  firms  reach  their  output  decisions  after  observing 
market  demand;  and  Mills,  op.  clt..  In  which  the  firm  se.':s  both 
price  and  quantity  of  output  and  In  which  shortages  or  surpluses 
develop  when  quantity  demanded  does  not  equal  quantity  supplied. 

Baron,  Demand  Uncertainty  In  Imperfect  Competition,  op.  cl:., 
also  contrasts  these  modes  of  behavior. Baron's  treatment  of 
uncertainty  differs  from  Leland's  in  that  Baron  begins  by  assuming 
that  price  and  quantity  are  jointly  random,  whereas  Leland  makes 
the  demand  relation  random  and  dependent  on  the  state  of  nature 
that  obtains  when  the  firm  tries  to  sell  Its  output.  However, 
each  ends  up  working  with  conditional  probability  distributions, 
where  the  distribution  of  price  (quantity)  Is  conditional  upon 
the  value  for  quantity  (price)  selected  by  the  firm. 


The  remainder  of  this  subsection  follows  Leland,  Theoi 
Facing  Uncertain  Demand,  op.  clt. 


of  the  Firm 


An  obvious  example  of  this  type  of  firm  Is  an  agricultural  firm. 

It  should  be  noted  that  the  perfectly  competitive  firm  facing  a 
random  price  Independent  of  Its  output  level  Is  but  a special  case 
of  the  firm  considered  In  this  subsection. 

Assuming  the  attitude  of  the  firm  (l.e.  of  its  shareholders  or  of 
Its  managers  or  of  some  other  group  whose  utility  Is  embodied  In 
U ) toward  risk  never  changes,  risk  aversion  Is  Implied  by 
U"('iT)  < 0 ; risk  neutrality  is  Implied  by  U"(Tr)  ■ 0 ; and  risk 
preference  Is  Implied  by  U"(ir)  > 0 . 

Ibid. . p.  281.  A fuller  discussion  of  the  sufficiency  condition 
Is  provided  in  H.R.  Leland,  "On  the  Existence  of  Optimal  Policies 
under  Uncertainty,"  Journal  of  Economic  Theory  (vol.  4;  no.  1; 
February  1972),  pp.  35-^4. 


Leland,  Theory  of  the  Firm  Facing  Uncertain  Demand,  oj 

p.  281. 


clt. . 


It  Is  the  demand  curve  that  would  result  If  the  firm  knew  with 
certainty  that  price  would  equal  its  expected  value  for  all  values 
of  q . 
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Ibid. , p.  279.  The  principle  of  increasing  uncertainty  states 
that,  as  total  expected  revenue  increases  (due  to  changes  in 
either  p or  q ),  the  'riskiness',  or  dispersion  of  the 
probability  distribution,  of  total  revenue  also  increases. 
Leland  shows  that  the  principle  of  increasing  uncertainty  is 
equivalent  to  the  requirements  that: 

(i)  sign  E[MR(q,u)]  ■ sign  3 [MR(q,u)] /3u 
when  the  firm  is  a quantity-setter;  and 

(ii)  sign  E[MR(p,u)]  ■ sign  3 [MR(p,u)] /3u 
when  the  firm  is  a price-setter. 


566.  See  footnote  553 


This  result  is  a generalization  of  results  obtained  by  other 
economists,  such  as  Baron  and  Sandmo,  for  the  purely  competitive 
case.  See  Baron,  Price  Uncertainty,  Utility,  and  Industry 
Equilibrium  in  Pure  Competition,  op.  cit.,  and  Sandmo,  qp.  cit. 


Assuming  that,  in  the  case  of  an  increase  in  fixed  costs,  the 
Increase  did  not  cause  the  firm  to  go  bankrupt  (in  which  case 
the  firm's  output  level  would  fall  to  zero). 


The  analysis  of  the  effect  on  the  behavior  of  the  firm  of  a change 
in  fixed  costs  is  similar  to  the  analysis  of  the  effect  of  a 
change  in  initial  wealth  on  risky  investment  in  portfolio  theory. 
In  both  cases  the  effect  depends  not  only  on  the  degree  of  risk 
aversion,  but  also  on  the  change  in  the  degree  of  risk  aversion 
as  profit  (or  initial  wealth)  increases.  See,  for  example, 

K.J.  Arrow,  ^pects  of  the  Theory  of  Risk-Bearing  (Yojo 
Johnssonin  Saatlo;  Helsinki;  1965). 


The  measure  of  absolute  risk  aversion  used  by  Leland  — and 
throughout  much  of  the  financial  literature  as  well  — is  that 
attributable  to  Pratt.  The  measure  is  -U"(ir)/U' (tt)  ; and 
decreasing  absolute  risk  aversion  implies  that  di-U"(iT)/U' (it)] /dir  < 0 
See  J.W.  Pratt,  "Risk  Aversion  in  the  Small  and  in  the  Large," 
Econometrica  (vol.  32;  no.  1-2;  January-April  1964),  pp.  122-136. 


Leland,  Theory  of  the  Firm  Facing  Uncertain  Demand,  op.  cit.. 
p.  283.  Briefly,  the  argument  is  the  following.  To  find  the 
effect  on  q of  a small  change  dF  in  fixed  costs,  form  the 
total  differential  of  (215)  to  obtain: 

D dq  - E{[MR(q  ,u)  - MC(q  )]U"(ir)}  dF  - 0 , 

a a 

where  D ■ 3[E{(MR- MC)U' (Tr))]/3q  at  q ■ q , which  must  be 
negative  due  to  (216).  Solving  for  dq/dF  fives 

dq/dF  - El(MR-MC)U"(Tr)]/D  . ( 

Since  D < 0 , dq/dF  is  opposite  in  sign  from  the  numerator  in 
(*) , which  in  turn  can  be  shown  to  be  opposite  in  sign  from 
d[-U"(‘rr)/U' (ir)]/dir  . Hence,  decreasing  absolute  risk  aversion 
implies  dq/dF  < 0 , so  that  output  decreases  if  fixed  costs 
increase. 


572.  Recall  that  the  principle  of  increasing  uncertainty  implies  that 
the  level  of  risk  falls  as  expected  total  revenue  falls.  As  long 
as  expected  marginal  revenue  is  positive,  the  fall  in  the  level 
of  output  will  lead  to  a reduction  in  expected  total  revenue,  and 
hence,  to  a reduction  in  the  level  of  risk. 

573.  Ibid. . p.  283. 

574.  Ibid.,  p.  284. 

575.  See  footnotes  570  and  571. 

576.  Ibid. , p.  284.  The  terminology  employed  to  describe  the  two 
effects  is  motivated  by  the  analogy  that  can  be  drawn  between  the 
effect  of  a change  in  d on  optimal  q and  the  "substitution" 
and  "Income"  effects  of  a change  in  market  price  on  quantity 
demanded  in  traditional  price  theory. 

577.  This  corresponds  to  the  Glffen  good  of  traditional  price  theory  — 
a rather  special  case  in  which  an  increase  in  the  price  of  the 
good  leads  to  an  Increase  in  quantity  demanded. 

578.  An  obvious  example  of  this  type  of  behavior  is  provided  by  firms 
in  the  electric  power  industry. 

579.  Mills,  op.  cit.;  Leland,  Theory  of  the  Firm  Facing  Uncertain  Demand 
op.  cit. . pp.  286-288;  R.A.  Meyer,  "Monopoly  Pricing  and  Capacity 
Choice  Under  Uncertainty,"  American  Economic  Review  (vol.  65;  no.  3 
June  1975),  pp.  326-337;  and  R.A.  Meyer,  "Risk-Efficient  Monopoly 
Pricing  for  the  >biltiproduct  Firm,"  Quarterly  Journal  of  Economics 
(vol.  90;  no.  3;  August  1976),  pp.  461-474.  The  model  presented 

in  the  second  Meyer  paper  is  discussed  in  the  next  subsection. 

580.  It  is  still  assumed  that  the  total  variable  cost  function  C(q) 
is  known  with  certainty.  However,  whereas  the  quantity-setting 
firm  knew  exactly  i^ere  on  the  total  variable  cost  curve  its 
output-total  variable  cost  combination  irould  be  once  it  had  set 
its  output  level,  the  price-setting  firm  does  not  know  where  on 
this  curve  its  output-total  variable  cost  combination  will  lie 
because  output  is  random.  Hence,  the  shape  of  the  total  variable 
cost  curve  is  likely  to  have  an  laq>ortant  bearing  on  how  the 
existence  of  uncertainty  affects  the  firm's  selection  of  optimal 
price. 

581.  Risk  neutrality  implies  U'(w)  ■ k , for  all  it  for  some  constant 
k . Constant  marginal  cost  implies  C'[q(p,u)]  > M , for  all  q 
for  some  constant  M . The  necessary  condition  for  an  optimum 
becomes 

k E{q(p,u)  + p[3q(p,u)/3p]  - M[3q(p,u)/3p] } - 0 , 
which,  by  using  (230),  can  be  rewritten  as 
k{h(p)  + pldh(p)/dp]  - M(dh(p)/dpl)  - 0 , 
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which,  from  (231)  Is  satisfied  when  p ■ p . Thus,  the  Intro- 
duction of  uncertainty  has  no  effect  on  optimal  p —provided 
the  flm  is  risk  neutral  and  marginal  cost  Is  constant. 


582.  It  can  be  shown  that.  If  marginal  cost  Is  rising  at  a nondecreasing 
rate  (C"(q)  > 0 , C”  (q)  ^ 0]  , the  risk  neutral  firm  will  charge 
a higher  price  in  the  presence  of  uncertainty  than  It  would  under 
certainty,  and  that  the  opposite  Is  true  when  marginal  cost  Is 
falling  at  a nonincreasing  rate  (C”(q)  < 0 , C”  (q)  £ 0] 

Ibid. . p.  285,  and  H.E.  Leland,  "Theory  of  the  Firm  Facing  Uncertain 
Demand,"  technical  report  no.  24  (Institute  for  Mathematical  Studies 
In  the  Social  Sciences;  Stanford  University;  Stanford,  Calif.; 
January  1970). 


Leland,  Theoi 
p.  285. 


of  the  Firm  Facing  Uncertain  Demand  (1972),  ^ 


584.  The  partial  derivative  3Tr(p,u)/8p  monotonlcally  Increasing  with  u 
Implies  that,  for  p ■ p^  , a value  u^  can  be  found  such  that 

E[3Tr(p^,u)/3p]  - 3iT(Pjj.u^)/3p  , (*) 

and  also  that,  for  u > u^  , 

3Tr(p^,u)/3p  > 3Tr(p^,u^)/3p  . (**) 

Risk  aversion  Implies  that,  for  u > u^  , 

U'fw(Pn,Un)I  > U’f»r(Pn.u)J  . ^***> 

so  that,  for  u > u , 
n 

tU' (Tr(p^,u^)]  - U' (it(p^,u))]{37r(p^,u)/3p  - 3Tr(p^,u^)/3p}  > 0 . 

This  last  Inequality  also  holds  for  u < u , since  both  (**)  and 
(***)  are  reversed  when  u < u , so  that  ?he  expected  value  of 
the  expression  on  the  left  mus?  be  positive.  Taking  the  expectation 
and  simplifying  using  (*)  leads  to 


E{U'(TT)[3iT(p^,u)/3p]}  < 0 . 
n 

585.  If  37r(p,u)/3p  Is  not  even  monotonlc  — and  there  do  not  appear 

to  be  any  strong  reasons  to  expect  that  It  should  be  — the  foregoing 
analysis  becomes  even  more  unsettled. 

586.  Leland  also  demonstrates  that  this  statement  Is  equally  valid  for 
the  analysis  of  the  effect  on  optimal  price  of  a change  In  the 
price-setting  firm's  fixed  costs.  Ibid. . p.  286. 

587.  Baron,  Demand  Uncertainty  In  Imperfect  Competition,  op.  clt., 
reaches  the  same  conclusion,  though  by  a somewhat  different  approach. 
See  footnote  558. 


O 


543 


'.y 


588.  Zabel,  Monopoly  and  Uncertainty,  op.  clt.  While  more  general 
in  its  treatment  of  time  than  the  Leland  model,  the  Zabel  model 
Is  somewhat  less  general  In  that  It  assumes  the  multiplicative 
form  of  random  demand  and  also  assumes  risk  neutrality.  Both  the 
Zabel  model  and  the  Leland  model  are  single  period  models,  but 
recently  Zabel  has  generalized  his  model  to  permit  any  finite 
number  of  time  periods.  E.  Zabel,  "Multiperiod  Monopoly  under 
Uncertainty,"  Journal  of  Economic  Theory  (vol.  5;  no.  3; 

November  1972),  pp.  S2A-536. 

589.  Dhrymes,  op.  clt.;  Meyer,  Monopoly  Pricing  and  Capacity  Choice 
Under  Uncertainty,  op.  clt.;  and  Meyer,  Risk-Efficient  Monopoly 
Pricing  for  the  Multiproduct  Firm,  op.  clt.  Like  the  Leland  model, 
these  models  are  static. 

590.  D.M.  Holthausen,  "Input  Choices  and  Uncertain  Demand,"  American 
Econonilc  Review  (vol.  66;  no.  1;  March  1976),  pp.  94-103; 

R.N.  Batra  and  A.  Ullah,  "Ccmpetltlve  Firm  and  the  Theory  of 
Input  Demand  under  Price  Uncertainty,"  Journal  of  Political  Economy 
(vol.  82;  no.  3;  May/June  1974),  pp.  537-548;  and  R.  Hartman, 

"Factor  Demand  with  Output  Price  Uncertainty,"  American  Economic 
Review  (vol.  66;  no.  4;  September  1976),  pp.  675-681. 

591.  Holthausen,  op.  clt.,  p.  102. 

592.  This  subsection  Is  based  on  Meyer,  Risk-Efficient  Monopoly  Pricing 
for  the  Multiproduct  Firm,  op.  clt.  In  some  cases  the  syi^ollsm 
adopted  by  Meyer  has  been  changed  In  order  to  make  It  consistent 
with  the  notation  used  throughout  this  paper. 

593.  In  developing  his  model,  Meyer  had  two  particular  types  of  problems 
In  mind,  one  single  period  and  the  other  multiperiod,  but  In  both 
of  which  the  firm  produces  a single  good.  In  the  single  period 
setting,  the  firm  acts  as  a discriminating  monopolist,  and  the 
products  are  distinguished  on  the  basis  of  the  n different 
markets  In  which  they  are  sold.  So,  for  example,  Is  the  amount 
produced  for  the  1-th  market  which  Is  distinct  from  the  amount  q. 
produced  for  the  J-th  market  when  1 J . Ibid. . pp.  461-462.  ^ 
See  also  Henderson  and  Quandt,  op.  clt.,  pp.  170-172.  In  the 
multiperiod  setting,  the  prices,  outputs,  and  demands  are  arrayed 
over  time,  and  the  products  are  distinguished  on  the  basis  of  the 

n different  time  periods  In  which  they  are  sold.  So,  for  example, 
an  amount  q^  Is  produced  the  first  period,  an  amount  q2  the 
second,  and  so  on.  Meyer,  Risk-Efficient  Monopoly  Pricing  for  the 
Multiproduct  Firm,  op.  clt.,  pp.  461-462.  This  corresponds  to  the 
well-known  peak- load  pricing  model.  See  O.E.  Williamson,  "Peak- 
Load  Pricing  and  Optimal  Capacity  under  Indivisibility  Constraints," 
American  Economic  Review  (vol.  56;  no.  4;  September  1966), 
pp.  810-827,  and  O.E.  Williamson,  "Peak-Load  Pricing:  Some 
Further  Remarks,"  Bell  Journal  of  Economics  and  Management  Science 
(vol.  5;  no.  1;  Spring  1974),  pp.  223-228.  In  other  words,  the 
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prefix  'multi*  In  multiproduct  results  from  distinguishing 
commodities  on  the  basis  of  date  and  place  of  sale,  as  for 
example,  an  electric  power  company  selling  electricity  at  different 
prices  to  various  domestic  and  commercial  users  or  selling  at 
different  prices  at  different  times  of  the  day  (e.g.  'peak'  and 
'off-peak'  prices).  Rather  than  merely  repeat  Meyer's  development, 
what  follows  generalizes  the  discriminating  monopolist  version  of 
Meyer's  model  to  permit  the  firm  to  produce  as  many  as  n distinct 
goods.  This  necessitates  a reformulation  of  one  of  the  original 
constraints,  but  does  not  otherwise  alter  the  model  or  Its 
Interpretation. 

594.  Note  that  the  demand  curves  defined  here  represent  the  logical 
extension  of  Leland's  demand  curve  (212)  to  the  multiproduct  case. 

595.  Meyer,  Risk-Efficient  Monopoly  Pricing  for  the  Multiproduct  Firm, 
op.  clt.,  p.  464. 

596.  Ibid.,  p.  467. 

597.  See  section  B of  this  chapter. 

598.  See  O.E.  Williamson,  Peak-Load  Pricing  and  Optimal  Capacity  under 
Indivisibility  Constraints,  op.  clt. 

599.  In  the  discriminating  monopolist  version  of  Meyer's  model, 
g(q^,...,q  ) In  equation  (233)  Is  of  the  form 

n 

g(qif>><l  } ~ ^ • Equation  (233)  Is  more  general.  For 

^ “ 1*1  ^ 

example,  a firm  might  produce  two  distinct  goods,  selling  one  good 
In  m markets  and  the  other  In  n - m markets  (where  0 < m < n ) , 
or  the  firm  might  produce  n distinct  goods. 

600.  Meyer,  Risk-Efficient  Monopoly  Pricing  for  the  Multiproduct  Firm, 

op.  clt.,  p.  463.  This  treatment  of  risk  differs  somewhat  from 
the  expected  utility  approach  of  the  previous  subsection.  Under 
the  expected  utility  formulation,  only  those  aspects  of  risk  borne 
by  the  firm  (or  more  specifically,  by  that  Individual  or  group 
whose  expected  utility  Is  being  maximized)  are  Incorporated  In  the 
model.  Thus,  there  Is  an  Implied  shifting  of  the  risk  burden  to 
consumers  and  to  suppliers  of  inputs  (i.e.  labor)  built  Into  such 
models.  The  constraint  (234)  alleviates  at  least  part  of  this 
problem  by  allowing  for  consumer  risk  — the  probability  that  the 
number  of  units  demanded  will  exceed  the  number  of  units  supplied, 
so  that  some  portion  of  total  demand  goes  unsatisfied.  As  Meyer 
suggests,  welfare  considerations  could  help  determine  the  optimal 
value  for  each  In  a larger  model  explicitly  Incorporating 

consumers.  Ibid. , p.  464. 
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Note  that  under  either  of  two  conditions  N can  be  obtained  as 
a function  of  only.  First,  If  the  probability  distribution 

of  Is  approximately  normal,  Nf  can  be  estimated  Independently 

of  the  parameters  of  the  distribution.  Second,  for  an  arbitrary 
probability  distribution  for  , Chebyshev's  Inequality  may  be 
Invoked  to  determine  an  upper  bound  on  independently  of  the 

probability  distribution.  See  E.  Farzen,  Modem  Probability  Theory 
and  Its  Applications  (Wiley;  New  York;  1960),  pp.  226-227. 

602.  Meyer,  Risk-Efficient  Monopoly  Pricing  for  the  Multiproduct  Firm, 
op.  clt.,  p.  462.  This  Is  Just  the  Sharpe-Llntner-Mossln  equation 
for  the  equilibrium  market  value  of  the  firm  under  uncertainty. 

See  Sharpe,  op.  clt.;  Llntner,  The  Valuation  of  Risk  Assets  and 
the  Selection  of  Risky  Investments  In  Stock  Portfolios  and  Capital 
Budgets . op.  clt.;  and  Mossln,  Equilibrium  In  a Capital  Asset 
Market,  op.  clt.  Equation  (236)  arises  out  of  a mean-variance 
model  of  risky  choice  under  uncertainty.  The  placement  of  such 

a model  In  this  section,  which  deals  with  the  time-state-preference 
model  of  risky  choice  under  uncertainty,  might  seen  puzzling. 
Actually,  the  mean-variance  framework  can  be  regarded  as  a special 
case  of  the  time-state-preference  framework.  Hlrshlelfer, 

Investment,  Interest,  and  Capital,  op.  clt..  pp.  308-310.  In 
addition,  as  already  pointed  out,  the  Meyer  paper's  approach  Is 
similar  to  that  of  the  Leland  paper  discussed  In  the  previous 
subsection. 

603.  Note  the  contrast  between  the  valuation  equation  (236)  and  the 
valuation  equation  In  problem  (151)  of  the  Vickers  model.  In  (151) 
allowance  Is  made  for  risk  by  adjusting  the  rate  of  discount, 
whereas  In  (236)  the  rate  of  discount  p Is  riskless,  and  allowance 
la  made  for  risk  by  adjusting  the  numerator.  The  expression  In 
braces  In  (236)  can  be  Interpreted  as  the  certainty  equivalent  of 
expected  total  profit,  much  In  the  spirit  of  John  Llntner 's 
valuation  equation  (185),  which  expresses  the  stock  market  value 

of  the  firm  as  the  present  value  of  the  certainty  equivalents  of 
the  dividend  stream.  As  suggested  In  footnote  491,  these  two 
approaches  to  dealing  with  uncertainty  — adjusting  the  denominator 
by  forming  a risk-adjusted  discount  rate  or  adjusting  the  numerator 
by  forming  the  certainty  equivalent  of  expected  returns  — are 
equivalent  (provided,  of  course,  the  adjustments  are  made  correctly). 


546 


604.  Meyer,  Risk-Efficient  Monopoly  Pricing  for  the  Multiproduct  Firm, 
op,  clt..  p.  464,  especially  footnote  9. 


605.  The  Lagranglan  Is 

n 

- V + AtQ  - M^(q^  - D^*  - 


The  necessary  conditions  (241)- (243)  follow  from  the  assumption 
that  each  of  the  decision  variables  appears  In  the  optimal  solution 
at  a positive  level.  It  Is  Interesting  to  consider^  however,  the 
short  run  problem  In  which  Q Is  fixed  and  In  which  (233)  might 
be  satisfied  as  a strict  Inequality.  Again  assume  that  all  prices 
and  output  levels  are  positive  at  optimality  and  that  (235)  Is 
again  satisfied  at  optimality  as  an  equality.  Then,  In  addition 
to  (233),  (235),  (241),  and  (242),  the  Kuhn- Tucker  conditions  for 
an  optimum  require  that  the  constraints 


A [Q  “ ^(q^*  • • • “0  , s^q^*  • • • i ^ , A ^ 0 


(*) 


be  added.  Since,  In  the  short  run,  capacity  Is  fixed,  Q Is  no 
longer  a decision  variable,  and  (243)  disappears.  The  significance 
of  the  conditions  (*)  Is  considered  below  in  footnote  609. 

For  the  peak-load  pricing  problem,  the  necessary  conditions  take 
a slightly  different  form.  The  constraint  g(q.>.><>q  ) £ Q in 
problem  (240)  must  be  replaced  by  the  set  of  constraints 

l,...,n  , and,  as  a consequence,  a set  of  n Lagrange 
A , 1 ■ l,...,n  , must  be  Introduced,  and  (242) 


q^^  1 Q . i ■ 

multipliers 

becomes 

5^7  ■ 


- i + 
p Sq.  1 


- 0 


1 - 1,.. 


and  (243)  becomes 


3Q 


1 ^ 
P 3Q 


n 

Z 

1-1 


Since  the  analysis  of  the  peak-load  pricing  problem  Is  discussed 
at  length  by  Meyer,  and  since  the  equilibrium  conditions  are  similar 
In  Interpretation  and  form  to  (244)-(246)  given  below,  the  peak-load 
pricing  problem  will  not  be  considered  further  here. 


606.  The  risk  adjustment  here  Is  determined  by  the  stock  market 
since  A Is  expressed  In  terms  of  V , which  In  turn  depends 
on  the  market-determined  price  of  risk,  R . 

607.  Riskless  marginal  revenue  MR.*  Is  evaluated  along  the  expected 
quantity  certainty  demand  curve  (232)  at  the  optimal  (risky) 
price. 
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608.  The  terminology  Is  Meyer's.  Ibid. , p.  466.  It  would  be  more 
descriptive  to  refer  to  the  expression  In  brackets  In  (245) 
as  fUik-adjuitexi  marginal  revenue,  though  Meyer's  terminology 
will  continue  to  be  used. 

609.  This  Is,  of  course,  perfectly  analogous  to  the  equilibrium 
condition  under  certainty  that  requires  that,  given  optimal 
prices  and  capacity,  the  firm  should  continue  to  expand  the 
output  of  each  good  up  to  the  point  at  which  marginal  revenue 
just  equals  the  sum  of  marginal  production  cost  and  marginal 
capacity  cost.  For  the  short  run  problem  considered  In  footnote 
499;  when  there  Is  spare  capacity,  g(qif-*q^)  < Q , and 

by  (*)  of  footnote  605,  A ••  0 . Thus,  t242)  ^elds  the 
familiar  equilibrium  condition, 

^1  p 3q^  * 

or  marginal  revenue  equals  marginal  production  cost.  When  there 
Is  spare  capacity.  Its  marginal  cost  Is  zero,  and  capacity 
considerations  do  not  affect  the  firm's  pricing  and  output 
decisions. 

610.  The  Interpretation  of  equation  (247)  Is  given  In  the  preceding 
footnote.  Once  e.  has  been  made  sufficiently  small,  the  effect 
of  B - 0 Is  to  shield  the  firm's  total  market  value  from  any 
further  effects  of  uncertainty.  As  a result,  the  firm's  optimal 
Investment,  pricing,  and  production  decision  rules  are  the  same 
as  they  would  be  In  the  absence  of  uncertainty.  Put  slightly 
differently,  according  to  the  valuation  equation  (239),  the 
stock  market  evaluates  the  riskiness  of  a firm's  profit  stream 

In  relation  to  overall  market  returns,  and  when  a firm's  profits 
and  overall  market  returns  are  uncorrelated,  the  stock  market 
values  the  firm's  shares  as  It  would  a riskless  Investment 
since.  In  principle,  a portfolio  made  up  of  a sufficiently  large 
number  of  such  securities  would  enable  Its  holder  to  diversify 
away  virtually  all  risk,  and  In  the  limit,  trould  enable  him 
to  eliminate  risk  entirely. 

611.  That  Is,  the  relevant  demand  curve  for  comparison  with  the 
certainty  case  Is  the  expected  quantity  certainty  demand  curve 
given  by  (232).  When  the  firm  maximizes  Its  total  market  value 
in  a riskless  setting.  It  maximizes 

V-i  E P^q^  - C(q^,...,q^,Q)  , (*) 

which  Is  llkr  (239)  with  8 0 and  q.  in  place  of  D.*  . 

In  (*)  q.  ■ D.*  - h(p.,...,p  ) given  By  (232)  . That  is, 
quantity  demanded  equals  quantity  sold  with  certainty.  In 
(239)  D.*  represents  quantity  sold  only  approximately  (and 

the  approximation  Is  close  only  If  c is  chosen  to  be  suffi- 
ciently small).  Adding  the  capacity  constraint  (233),  forming 
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the  Lagranglan,  and  differentiating,  yields  optimal  decision 
rules  for  the  certainty  case  that  are  Identical  with  (244)  and 
(247),  thus  bearing  out  the  statements  made  In  the  text  and  In 
the  preceding  footnote  concerning  the  Implication  of  3 - 0 . 

Note  also  that,  even  though  expected  quantity  sold  Is  the  same 
regardless  of  the  existence  of  uncertainty,  achieving  this 
requires  that  e be  made  small,  which  Implies  that  the  expected 
quantity  of  output  will  exceed  expected  quantity  sold  by  an 
amount  E[q  ] - D^*  “ ‘Ij  ” D * ■ ^ 'J  , regardless  of  the  value 
of  6 . Hefice,  even  when  3*0,  It^cannot  be  said  that  the 
presence  of  uncertainty  has  absolutely  no  effect  on  the  firm’s 
behavior. 

612.  So  that  vector-matrix  multiplication  Is  defined,  D , q , and 
D*  must  be  n by  1 vectors.  They  have  been  written  hori- 
zontally to  save  space.  The  matrix  (2  Is  the  variance-covariance 
matrix  and  Its  dimension  Is  n by  n . 

613.  Note  that  when  demands  are  uncorrelated,  (2  Is  a diagonal 
matrix,  and  (250)  reduces  to  the  n constraints 

qi  > Di*  + NiOi  , 1 - l,...,n  , 
as  In  the  special  case  considered  In  the  previous  subsection. 

614.  The  Lagranglan  Is 

n 

- V + X[Q  - g(qj^ ^ '^l^**l"®l*-^l^  ’ 

which  Is  the  same  as  the  Lagranglan  In  footnote  605  except  that 
V Is  of  a somewhat  different  form  and  S.  appears  In  place  of 
N.Oj^  , with  each  change  necessitated  by  the  generalization 
permitting  nonzero  correlations  between  demands. 

615.  If  3*0  In  (253),  the  necessary  conditions  for  an  optimal 
solution  to  problem  (2jl)  simplify,  as  before,  to  the  optimality 
conditions  under  certainty.  In  particular,  relation  (247)  would 
again  hold. 

616.  In  the  more  general  case  of  the  multiproduct  firm  considered 
above,  this  statement  Is  false.  When  there  are  strong  comple- 
mentarities among  the  goods  produced  by  the  multiproduct  firm, 
the  firm  may  find  It  profitable  to  sell  one  or  more  goods  at 

a price  below  marginal  production  cost  (l.e.  as  a 'loss  leader'). 
For  example,  when  the  firm  produces  razors  and  razor  blades, 
the  firm  may  find  It  profitable  to  give  away  the  razors  so  that 
It  can  increase  the  demand  for  Its  razor  blades  and  thereby 
Increase  Its  total  profit.  The  argument  given  below  also  applies 
to  8U':h  firms,  but  Is  stated  In  terms  of  the  discriminating 
monopolist  'fn  order  to  demonstrate  more  clearly  that  under 
uncertainty  there  Is  an  additional  Justification  for  selling 
at  a price  below  marginal  production  cost. 
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617.  As  Meyer  suggests,  this  defines  sets  of  risk-efficient  prices 
which  are  analogous  to  risk-efficient  sets  of  securities  In 
portfolio  theory.  Ibid. . p.  471.  A set  of  prices  is  risk- 
efficient  if  it  minimizes  risk  for  a given  level  of  expected 
total  profit.  Just  as  a portfolio  of  securities  lies  on  the 
efficiency  frontier  if  it  minimizes  risk  for  any  given  level  of 
expected  portfolio  returns.  See  Mossln,  Theory  of  Financial 
Markets,  op.  cit.,  ch.  3. 

618.  This  suggests  that,  under  risk,  optimal  pricing  is  more  dependent 
on  the  customer's  risk-class  than  on  the  price  elasticity  of 
demand,  which  plays  such  a critical  role  in  the  riskless  setting. 
Meyer,  Risk-Efficient  Monopoly  Pricing  for  the  Multi-Product  Firm, 
op.  cit.,  p.  470.  See  also  Henderson  and  Quandt,  op.  cit., 

pp.  215-216,  for  a discussion  of  the  optimal  pricing  rule  for  the 
discriminating  monopolist  in  a riskless  setting,  namely,  that  the 
ratio  of  the  market  prices  charged  any  two  groups  of  customers 
should  be  dependent  on  the  two  price  elasticities,  and  02  » 

according  to  the  relation 

1 - 1/02 
p^  * 1 - 1/Oj^ 


619.  This  is  analogous  to  the  percentage  yield  for  a security  lying 
below  the  riskless  rate  of  intereat  when  that  security's  returns 
are  sufficiently  negatively  correlated  with  the  returns  of  the 
other  securities  in  the  portfolio.  See  Mossln,  Theory  of 
Financial  Markets,  op.  cit.,  ch.  4. 

620.  Several  papers  have  assumed  that  firms  maximize  their  stock  market 
value,  and  upon  finding  that  the  allocation  of  investment  is  not 
Pareto  optimal,  have  suggested  that  the  stock  market  is  not 
Pareto  optimal.  See  J.E.  Stlglltz,  On  the  Optimality  of  the  Stock 
Market  Allocation  of  Investment,  op.  cit.;  M.  Jensen  and  J.  Long, 
Corporate  Investment  under  Uncertainty  and  Pareto  Optimality  in 
the  Capital  Markets,  op.  cit.;  and  E.F.  Fama,  Perfect  Competition 
and  Optimal  Production  Decisions  under  Uncertainty,  op.  cit.  What 
these  papers  really  bring  into  question,  however,  is  the  presumption 
of  value  maximization,  rather  than  the  optimality  of  stock  markets. 
See  R.  Wilson,  Comment  on  J.  Stiglitz,  'On  the  Optimality  of  Stock 
Market  Allocation  of  Inveetment'7  op.  cit..  and  S.F.  LeRoy,  Stock 
Market  Optimality;  Comment,  op.  cit. 

621.  Using  a variant  of  Stlglltz's  model,  Wilson  shows  that  stockholders 
would  unanimously  recomnend  production  decisions  that  do  not 
maximize  •■he  firm's  total  market  value.  R.  Wilson,  Comment  on 

J.  Stiglitz.  'On  the  Optimality  of  Stock  Market  Allocation  of 
Investment*,  op.  cit.' 
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622.  The  Leland  model  Is  a generalization  of  a model  due  to  Diamond. 

See  Diamond,  op.  clt.  In  the  Leland  and  Diamond  models,  unanimity 
Is  assured  by  the  assumption  that  the  technology  of  the  firm 

Is  such  that  every  alternative  open  to  the  firm  would  not  alter 
the  set  of  available  state-distributions  of  returns.  The  question 
of  unanimity  of  shareholder  preferences  Is  further  explored  and 
more  general  conditions  leading  to  shareholder  unanimity  are 
developed  In  R.C.  Merton  and  M.G.  Subrahmanyam,  "The  Optimality 
of  a Competitive  Stock  Market,"  Bell  Journal  of  Economics  and 
Management  Science  (vol.  5;  no.  1;  Spring  1974),  pp.  145-170; 

S.  Ekem  and  R.  Wilson,  "On  the  Theory  of  the  Firm  In  an  Economy 
with  Incomplete  Markets,"  Bell  Journal  of  Economics  and  Management 
Science  (vol.  5;  no.  1;  Spring  1974),  pp.  171-180;  R.  Radner, 

"A  Note  on  Unanimity  of  Stockholders'  Preferences  Among  Alterna- 
tive Production  Plans:  A Reformulation  of  the  Ekem-Wllson 
Model,"  Bell  Journal  of  Economics  and  Management  Science  (vol.  5; 
no.  1;  Spring  1974),  pp.  181-184;  S.  Ekern,  "On  the  Theory  of 
the  Firm  In  an  Economy  with  Incomplete  Markets:  An  Addendum," 

Bell  Journal  of  Economics  (vol.  6;  no.  1;  Spring  1975),  pp.  388- 
393;  and  R.  Forsythe,  "On  the  Theory  of  the  Firm  under  Uncer- 
tainty," Social  Science  Working  Paper  No.  90  (California 
Institute  of  Technology;  Pasadena,  Calif.;  July  1975). 

623.  The  Leland  model  employs  a tlme-atate-preference  framework  Is 
demonstrating  this  result.  In  a similar  manner.  Long  employs  a 
mean-variance  framework  to  show  that  maximizing  the  stock 
market  value  of  the  firm  does  not  Imply  that  shareholder  welfare 
haa  been  maximized.  J.  Long,  "Wealth,  Welfare,  and  the  Price 

of  Risk,"  Journal  of  Finance  (vol.  27;  no.  2;  May  1972), 
pp.  419-433. 

624.  The  remainder  of  this  subsection  discusses  the  model  of  the  firm 
under  uncertainty  presented  In  Leland,  Production  Theory  and  the 
Stock  Market,  op.  clt. 

625.  Baron,  Price  Uncertainty.  Utility,  and  Industry  Equilibrium  In 
Pure  Competition,  op.  clt..  and  Sandmo,  op.  clt.  The  model  of 
the  firm  under  either  pure  or  perfect  competition  can  be  treated 
as  a special  case  of  the  model  of  the  quantity-setting  firm 
developed  by  Leland,  which  was  discussed  above  In  subsection 

2b  of  this  section. 

626.  This  has  the  effect  of  making  the  zeroth  firm's  securities 
riskless.  As  noted  by  Leland,  the  sasM  effect  could  be  achieved 
by  assuailng  the  existence  of  a riskless  bond  paying  a fixed  rate 
of  Interest. 

627.  Leland,  Production  Theory  and  the  Stock  Market,  op.  clt.. 
p.  130. 
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628.  Note  that  since  r = ir°(q°)/v°  ^the  systea  of  equations  Is 

homogeneous  of  degree  xero  In  V t ■<>  only  relative  prices 

can  be  determined.  |y  selecting  the  securities  of  the  xeroth 
firm  as  numeraire,  v”  ■ 1 and  all  other  security  prices  are 
normalised  In  terms  of  the  Mroth  fin's  share  price.  Then  r 
becomes  simply  r ■ Tr°(q”)/v  ■ ) • 


629. 

Iblde • pe 

131. 

630. 

Ibid.,  p. 

131. 

631. 

Ibid.,  pp. 

131-133. 

632. 

In  (257) 
must  hold 

r - x®(q°)  , since  0®  - 1 , and  “ *4  » which 

at  the  financial  equilibrium. 

633.  The  importance  of  this  result,  as  Leland  suggests.  Is  that  It 
depends  only  on  observable  variables,  i.e.  cost  functions  and 
current  market  values.  Ibid. . p.  133. 


634.  Note  that  even  though  (262)  and  (263)  are  similar  in  fon,  one 
cannot  use  (263)  to  derive  a marginal  cost  pricing  rule  analo- 
gous to  (265).  The  reason  Is  simply  that,  since  price 

p^(9)  Is  random  (and  dependent  on  th|^  nature  6), 

the  firm  cannot  equate  p'^(6)  and  MC  (q  ) . Under  uncertainty 
both  profit  maximisation  and  "p  * MC"  are  meaningless. 

635.  However,  Leland  does  show  that,  when  all  firms  operate  within 
a competitive  envlronmmt,  facing  the  same  random  price  and 
having  Identical  strictly  convex  cost  functions,  the  firm  will 
maximise  Its  stock  market  value  relative  to  the  market  value 
of  other  firms  by  selecting  q^  • q^  unanimously  supported  by 
the  firm's  shareholders.  Ibid. . pp.  137-138. 


636.  This  Is  a straightforward  generalisation  of  Leland's  result. 
Leland  considers  the  simple  case  In  which  there  Is  only  one 
risky  firm  In  addition  to  the  riskless  firm.  Ibid. , pp.  136- 
137.  The  derivation  of  (267),  which  permits  the  nuBd>er  of 
risky  firms  to  be  arbitrary,  is  as  follows.  Dlffermtlatlng 
(260)  with  respect  to  q^  and  evaluating  at  q^  - q^  gives 

E{u.'(R.,0)[  ^ - r + E (u  "(R.,e)(ir^  - rV^) 

. dq^  3qJ 


II  aV 

k-13q^  ^ k^l 


t^l  ^ 3q^  dqJ  k-1  3q^ 


(*) 

" k -k  a*/ 

E(ir  -rV*)— f-l)  - 0 
k-1  3q^ 


o 


I 

j 


1 


r 


since  In  equlllbrlua  s.^  - s.^  for  all  k and 

E{U^'(R^,0)  - 0 . Defining  = E^{uj"(R^,e) 

dq"* 

and  dividing  each  side  of  (*)  by  gives  equation  (267)  In 

Che  text.  Note  that  D.  < 0 slncej  by  assumption, 

Uj"(R^,0)  < 0 while  ' 

iTT^-r^]^  > 0 . 

637.  For  the  case  of  one  risky  flm  (considered  by  Leland),  Che 
expression  . ..v  k 


(8i^  E (ir’"-rv’") 

^ 1.44 


dq-*  kyj 

In  (268)  Is  replaced  by 


S 1 ill 
“l  dq*  ' 


Ibid. . p.  136.  In  this  special  case  it  can  be  shown  that  for 
the  single  risky  firm. 


Ibid. . p.  137,  footnote  28. 

This  result  seems  paradoxical  for  two  reasons.  First,  a higher 
share  value  would  appear  to  make  all  shareholders  better  off 
since  It  would  Increase  their  wealth.  Second,  unless  the  firm 
maximizes  Its  share  value,  someone  else  will  Cake  over  the  firm, 
adopt  policies  that  lead  to  maximum  share  value,  and  sell  out 
at  a sure  profit.  However,  as  Leland  argues,  both  lines  of 
reasoning  are  Incorrect.  Ibid. . p.  127.  To  Illustrate  why, 
assume  there  are  N Identical  Investors  each  holding  S shares 
In  the  firm.  TWo  possible  demand  a 

curves  for  the  individual  Investor  D 

are  shown  In  the  figure  to  the  « X 1-  i 

right.  Under  policy  (1)  the  -3  X.  I 

demand  curve  for  shares  Is  D.D.  a ^ 

and  the  equilibrium  share  « j X 

price  la  p.  , while  under  SP?'  ‘ 

policy  (2)  Me  demand  curve  "o  L ■ — 

Is  D-D-  and  tha  equilibrium  E ^ 

share^prlce  is  p,.  Under  ^ 

policy  (2)  the  share  price,  and  x *- 

hence  the  total  stock  market  . . , 

value  of  the  firm.  Is  greater.  number  of  8har< 

But  the  shareholders  would  be  Flsure 


'D..  , 

S s 

number  of  shares 
Figure 


better  off  under  policy  (1)  since  the  total  value  Investors  attach 
Co  their  shares  — measured  as  the  sum  of  current  market  value 
and  consumers’ surplus,  l.e.  the  area  under  Che  deamnd  curve 


between  ■ ■ 0 and  a ■ S — la  greater  under  policy  (1). 

Alao,  If  aoneone  were  to  buy  up  all  the  firm's  shares,  he  would 
have  to  pay  an  aawunt  equal  to  the  area  under  0|D.  (since  to 
buy  up  the  shares  he  would  have  to  bid  up  the  price  aa  the 
number  of  shares  not  In  his  possession  decreased).  But  changing 
to  policy  (2)  and  then  selling  the  shares  would  yield  him  an 
amount  no  greater  than  the  area  under  D.D.  — an  amount  less 
than  he  originally  paid  for  the  shares.  ^TBus,  both  of  the 
arguments  that  appear  to  support  value  maximization  are  Incorrect. 
Value  maximization  need  not  maximize  (total)  shareholder  welfare. 
Note  that  what  la  Involved  here  la  Just  the  well-known  paradox 
of  value. 


639.  If  securities  markets  were  perfect  and  coisplete,  then 

2^^  i 

j 4 *0  for  all  firms,  and  the  firms  could  achieve 

<l^~q  a Pareto  optimal  choice  of  outputs  by  maximizing 

the  firm's  market  value. 
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Rather  than  attempting 
to  show  this  using  equation  (268),  It  might  be  simpler  to  use  an 
arbitrage  argument  of  the  type  suggested  by  Leland.  Ibid. . 
p.  133,  footnote  22. 


640.  As  well  as  several  other  models,  some  of  which  are  noted  in 
footnote  225. 

641.  An  exception  to  this  stateatent  Is  the  Baumol  growth  maximization 
model.  In  which  sales  and  the  firm's  quantity  of  money  capital 
were  permitted  to  grow  at  different  (thou^  constant)  rates. 

See  footnote  213. 

642.  Therefore,  what  Is  really  a dynamic  (l.e.  multiperiod)  problem 
from  an  economic  standpoint  can  be  solved  by  employing  static 
(In  the  mathematical  sense)  optimization  techniques. 

643.  Harris,  Theories  of  Corporate  Growth,  op.  cit..  pp.  12-13, 

and  Llntner,  Maximum  Corporate  Growth  under  Uncertainty,  op.  cit.. 
pp.  174-176. 

644.  Krousc,  On  the  Theory  of  Optimal  Investment,  Dividends,  and 
Cfo»>th  in  the  Firm,  op.  cit..  p.  26^  Rrouse's  model  is  discussed 
below  In  subsection  4. 

645.  The  first  affect  — the  laq>act  of  the  business  cycle  on  the  firm's 
capital  Investment  — can  be  explained  by  the  Arrow  model,  which 
Is  dlscussad  below  In  subsection  2,  and  the  second  effect  — a 
declining  growth  rate  as  the  firm  matures  - can  be  explained  by 
the  Hong  model  which  Is  discussed  below  In  subsection  3. 
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646.  The  basic  references  for  Che  calculus  of  variations  are  G.A. 

Bliss,  Lectures  on  the  Calculus  of  Variations  (University  of 
Chicago  Press;  Chicago;  1946);  l.M.  Gelfand  and  S.V.  Fomin, 
Calculus  of  Variations,  trans.  by  R.A.  Silverman  (Prentice-Hall; 
Englewood  Cliffs,  N.J.,  1963);  and  M.R.  Hestenes,  Calculus  of 
Variations  and  Optimal  Control  Theory  (Wiley;  New  York;  1966). 

A particularly  good  reference  for  economists  Is  G.  Hadley  and 
M.C.  Kemp,  Variational  Methods  In  Economics  (North-Holland; 
Amsterdam;  1971).  The  basic  references  for  the  maximum  princi- 
ple are  L.S.  Pontryagln,  V.G.  Boltyanskll,  R.V.  Gamkrelldse, 
and  E.F.  Mishchenko,  The  Mathematical  Theory  of  Optimal  Processes, 
trans.  by  K.N.  Trlrogoff  (Wiley  Intersclence;  New  York;  1962); 

M.  Athens  and  P.L.  Falb,  Optimal  Control  (McGraw-Hill;  New 
York;  1966);  Hestenes,  op.  clt.;  and  E.B.  Lee  and  L.  Markus, 
Foundations  of  Optimal  Control  Theory  (Wiley;  New  York;  1967). 

Less  mathematically  sophisticated  approaches  to  the  calculus  of 
variations  and  optimal  control  theory  that  emphasize  economic 
applications  Include  Intrlllgator,  op.  clt.,  chs.  12,14; 

Takayama,  op.  clt. , chs.  5,8;  and  A.  Bensoussan,  E.G.  Hurst, 

Jr.,  and  B.  Naslund,  Management  Applications  of  Modem  Control 
Theory  (North-Holland;  Amsterdam;  1974),  which  Is  particularly 
noteworthy  In  that  It  covers  stochastic  control  theory  as  well 
as  deterministic  control  theory. 

647.  The  Interpretation  of  the  costate  variables  Is  discussed  at 
length  In  Intrlllgator,  op.  clt..  pp.  351-353;  M.  Albouy  and 
A.  Breton,  "Interpretation  Economlque  du  Principe  du  Maximum,” 
Revenue  Francalse  de  Recherche  Operationnelle  (vol.  14;  1968); 
and  R.  Dorfman,  "An  Economic  Interpretation  of  Optimal  Control 
Theory,"  American  Economic  Review  (vol.  59;  no.  5;  December 
1969),  pp.  817-831. 

648.  In  addition  to  models  of  the  firm,  several  other  economic  and 
management  applications  of  optimal  control  theory  have  been 
suggested.  For  two  surveys  see  A.P.  Jacquemln  and  J.  Thlsse, 
"Strategy  of  the  firm  and  market  structure:  an  application  of 
optimal  control  theory,"  In  Cowling,  ed..  Market  Structure  and 
Corporate  Behavior,  op.  clt. . pp.  61-84,  and  Bensoussan,  Hurst, 
and  Naslund,  op.  clt. 

649.  This  subsection  is  based  on  Jorgenson,  op.  clt..  pp.  140-147. 

650.  Thus,  Q(t)  Is  the  rate  at  which  output  Is  produced  at  time 
t , L(t)  la  the  rate  at  which  labor  services  are  applied 
to  production  at  time  t , etc. 

651.  Note  that  the  price  of  capital  gooda  is  permitted  to  vary. 

That  Is,  unlike  the  multiperiod  model  of  the  firm  discussed 
In  section  F in  which  capital  goods  were  selected  as  the 
nuiMraire,  in  the  Jorgenson  model  some  other  good  (possibly 
money)  serves  as  the  numeraire. 
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652.  Note  that,  according  to  (271),  the  production  function  — the 

technological  relationship  between  output  and  luputs  — remains 
constant  over  time.  In  the  next  subsection  a model  that  permits 
technological  progress  (by  making  t Itself  a separate  argument 
of  the  production  function)  Is  discussed.  In  addition,  note  that 
In  (271)  K(t)  represents  the  physical  stock  of  capital  at  time 
t , whereas  Q(t)  and  L(t)  represent  Instantaneous  rates  of 
flow  of  output  and  labor  services,  respectively,  at  time  t . 
Shephard  and  Fare  have  explored  the  conceptual  difficulties 
Inherent  In  specifying  the  production  function  Implicitly  as  In 
(271).  See  Shephard,  op»  clt..  and  Shephard  and  Fare,  op.  clt. 


653.  The  constant  5 In  (272)  Is  Intended  to  measure  depreciation  In 
physical  units  (l.e.  In  the  same  units  In  which  physical  capital 
Is  measured)  per  unit  of  time.  Thus,  5 must  convert  from  stock 
units  (In  which  K Is  measured)  Into  flow  units  (In  which  K and 
I are  measured).  Note,  however,  that  If  K(t)  In  the  production 
function  (271)  were  Interpreted  as  a flow  of  capital  services 
(e.g.  machine  hours  per  period)  so  that  Q , L , and  K all 
represent  flows,  then  K(t)  on  the  right-hand  side  of  (272)  would 
also  measure  this  flow  of  capital  services.  But  K on  the  left- 
hand  side  of  (272)  must  represent  a physical  stock  of  capital. 

Thus,  In  this  case  the  constant  6 would  also  have  to  reflect  the 
conversion  from  one  flow  unit  (e.g.  machine  hours  per  unit  time 
period)  to  another  (e.g.  machines  per  unit  time  period)  In  order 
for  the  units  of  measurement  in  (272)  to  be  In  agreement. 

654.  Note  that  It  la  not  necessary  to  list  E as  a separate  decision 
variable,  because,  given  the  Initial  capital  stock,  Eq  , specifying 
the  Investment  stream  I(t)  automatically  specifies  the  capital 
stock  at  a b point  In  time,  K(t)  , because  of  (272). 

655.  In  setting  oc  the  necessary  conditions  It  has  been  assumed  that, 

at  optimality,  (}  , L , I , and  E are  strictly  positive  for  all  t . 

656.  The  Justification  for  giving  1 this  Interpretation  la  the 
following,  which  Is  based  on  the  relationship  between  the  price  of 
capital  goods  and  the  price  of  capital  services.  Jorgenson, 

op.  clt..  pp.  143-144.  For  a unit  Investment  In  capital  goods  at 
time  a , the  flow  of  capital  aervlces  received  between  time  t (>s) 
and  time  t dt  la  given  by 


,-«(t-a) 


dt 


(*) 


If  l(t)  la  the  unit  price  of  capital  services  at  time  t , then 
the  discounted  price  la  l(t)>e'*^^  and  the  present  value  of  the 
stream  of  capital  services  (*)  Is  given  by 


l(t) 


,-rt.^-6(t-s) 


dt  . 


If  the  unit  price  of  capital  goods  at  time  s Is  q(s) 
present  value  of  a unit  of  Investment  goods  at  time  s 


-TS 


e 


q(*) 


, then  the 
Is 
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If  capital  marketa  are  perfect,  aa  Jorgenson  assumes,  then  the 
present  value  of  the  unit  Investment  at  time  s must  equal  the 
present  value  of  the  future  flow  of  capital  services,  so  that 


00 

“f*  / \ r j “irt  -6(t-8) 

e q(s)  - / l(t)*e  ^e  ' dt  , 

s 

or  upon  solving  for  the  unit  price  of  Investment  goods, 

q(8)  ■ / l(t)«e  dt  . (**) 

s 

By  differentiating  (**)  with  respect  to  s , an  expression  for  the 
unit  price  of  capital  services  Implicit  In  (**)  can  be  obtained: 

q(8)  - [r-f5]q(s)  - Ks)  , 

or 

1 - q(r  + 6)  - q , 

which  Is  just  equation  (281).  It  should  be  noted  that.  If  problem 
(273)  la  restated  so  that  the  objective  of  the  firm  is^to  maximize 

the  present  value  of  the  future  profit  stream,  l.e.  / P(t)e~'^  dt  , 

where  P(t)  - p(t)*Q(t)  - w(t)‘L(t)  - l(t)'R(t)  Is  total  profit  In 
the  economic  sense,  then  the  solution  Is  Identical  to  the  solution 
obtained  from  (275)- (278)  together  with  the  contralnts  In  (273). 

Ibid. . pp.  144-1A5.  That  Is,  the  cost  of  capital,  l(t)  , Is  the 
saiae  as  the  price  of  a unit  of  capital,  1 , Introduced  In  section  B. 
Also,  as  plonted  out  in  section  F,  when  there  Is  certainty  and 
markets  are  perfect,  maximizing  economic  profit  In  the  single  period 
sense  Is  equivalent  first,  to  maximizing  the  present  value  of  the 
profit  stream,  and  second,  to  maximizing  the  present  value  of  the 
cash  flow  stream. 

657.  Equation  (281)  might  be  Interpreted  more  easily  If  rewritten  as 

1/q  - r + 6 - q/q  . (*) 

Equation  (*)  reexpresses  the  cost  of  capital  as  an  Interest 
rate.  According  to  (*),  the  cost  of  capital  Is  equal  to  the 
discount  rate  (which  Is  equal  to  the  market  rate  of  Interest 
under  perfect  markets),  r^  (the  opportunity  cost  associated 
with  utilizing  the  capital  In  production),  plus  the  rate  of 
depreciation,  6 (the  rate  at  which  physical  capital  wears  out 
through  use),  minus  the  percentage  rate  of  change  of  capital 
goods  prices  (the  percentage  rate  at  which  the  market  value  of 
capital  goods  (relative  to  the  numeraire)  appreciates).  In 
other  words,  the  owner  of  a unit  of  capital  must  be  compensated 
for  the  opportunity  cost  of  his  capital,  r , and  for  the 
depreciation  of  the  unit  of  capital  through  use,  6 , but  If 
capital  goods  prices  are  rising  (relative  to  the  numeraire), 
these  costs  are  at  least  partially  offset  by  the  percentage 
Increase  In  the  market  value  of  the  undepreciated  balance. 
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658. 


659. 


660. 


I 


Id  this  regard  the  Jorgenson  model  is  in  agreement  with  the 
simple  value  maximisation  model  discussed  in  section  F. 
Indeed,  with  capital  goods  as  numeraire,  q~l,  q-0, 
and  (283)  reduces  to  (72). 


For  more  on  this  point  see  J.  Tobin,  "Comsient,"  in  Ferber,  op. 
cit. . pp.  156-160.  Also,  because  of  the  assumptions  of  certainty 
and  perfect  capital  markets,  the  firm's  financial  policies  are 
Irrelevant.  A model  somewhat  similar  to  the  Jorgenson  model, 
but  one  that  allows  for  the  risk  of  default,  has  been  devised  by 
Inselbag.  See  I.  Inselbag,  "Financing  Decisions  and  the  Theory 
of  the  Firm,"  Journal  of  Financial  and  Quantitative  Analysis 
(vol.  8;  no.  5;  December  1973),  pp.  763-776.  Inselbag  introduces 
uncertainty  into  the  model  by  allowing  for  the  possibility  of 
bankruptcy  and  by  making  the  implicit  cost  of  debt  an  increasing 
function  of  both  the  firm's  leverage  ratio  and  the  amount  borrowed. 
Ibid. . p.  768.  This  treatment  of  the  cost  of  debt  parallels 
Vlcker's  approach.  See  section  1 of  this  chapter.  Because  of 
this  treatment  of  uncertainty  and  because  Inselbag  employs  a 
deterministic  objective  functional  (like  Jorgenson's,  but  with 
dividends,  D(t)  , in  place  of  net  cash  flow,  R(t)),  the  Inselbag 
model  is  essentially  a deterministic  model  (which,  like  the 
Jorgenson  model,  is  easily  solved  with  the  aid  of  the  classical 
calculus  of  variations). 


By  dividing  each  side  of  equation  (281)  by  q 
for  the  cost  of  capital  becomes 


the  expression 


(*) 


where  i/q  is  the  cost  of  capital  expressed  as  a percentage  of 
the  price  of  capital  goods  (i.e.  as  an  interest  rate),  r is  the 
short  term  rate  of  interest,  5 is  the  rate  of  depreciation,  and 
q/q  is  the  percentage  rate  of  change  of  capital  goods  prices. 
Dividing  each  side  of  (283)  by  q gives 


£i2  - 1 

q 3IC  q 


(**) 


In  which  p/q  expresses  the  price  of  output  in  terms  of  the 
price  of  capital  goods.  Using  (*)  to  substitute  for  1/q  and 
defining  p*  = p/q  , (**)  becomes 

p'  ^ ■ 1/q  - r + 6 - q/q  , 

which  is  the  equilibrium  condition  stated  in  the  text  and  which 
is  one  of  the  standard  equations  of  neoclassical  capital  theory. 

See,  for  example,  K.J.  Arrow,  "Optimal  Capital  Policy,  the  Coot 
of  Capital,  and  Myopic  Decision  Rules,"  Annals  of  the  Institute 
of  Statistical  Mathematics  (vol.  16;  1964),  pp.  21-30,  or  S.A. 

Marglin,  Approaches  to  Dynamic  Investment  Planning  (North-Hollend; 
Amsterdam;  19^3) . See  also  M.  Merlove  and  K.J.  Arrow,  "Optimal 
Advertising  Policy  Under  Dynamic  Conditions,"  Economics  (vol.  29; 
no.  114;  Nay  1962),  pp.  129-142,  which  derives  results  that  are 
formally  equivalent,  but  for  advertising,  rather  than  capital,  policy. 
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667. 


Ibid. . pp.  5-6.  Define 

x(t)  - K(t)e^‘ 

B(t)  - a(t)e'*‘ 


the  following  variables: 

y(t)  - I(t)e^^ 

P*(x,t)  - e^^P(xe  . 


Then 

• • fit 

X - (K  + 6K)e 


I(t)e^‘  - y 


and 

B(t)tp*(x,t)-y(t)]  - a(t)lP(k(t),t)  - I(t))  . 
Then  problem  (286)  becomes 


maximize:  / B(t) [P*(x,t)  - y]  dt 

{y}  o 

subject  to:  x ~ y 

x(0)  - 
y > 0 . 

Substituting  a for  6 , P for  P*  , I for  y , and  K 
for  X gives  problem  (287),  which  is  just  problem  (286)  with 
6 = 0. 

668.  Ibid. . p.  6. 

669.  Ibid. . pp.  6-7. 

670.  Since  p(t)  is  measured  in  terms  of  the  change  in  the  present 
value  of  the  cash  flow  stream  (l.e.  the  objective  functional 
In  (287))  with  respect  to  a unit  change  In  the  capital  stock, 
equation  (293)  is  really  just  the  familiar  condition  that  capital 
should  be  accumulated  up  to  the  point  at  which  the  Improvement 

In  the  present  value  of  the  cash  flow  stream  due  to  the  addi- 
tional returns  resulting  from  a unit  Increase  In  the  capital 
stock  just  equals  the  fall  In  the  present  value  of  the  cash  flow 
stream  due  to  the  fall  In  p(t)  Induced  by  the  Increase  In  the 
capital  stock  — l.e.  until  'marginal  benefit'  just  equals 
'marginal  cost',  where  each  Is  expressed  In  terms  of  the  present 
value  of  the  cash  flow  stream. 

671.  The  Initial  value  of  q(t)  — namely,  q(0)  — has  not  been 
specified.  However,  It  must  be  such  that  the  necessary  condi- 
tions can  all  be  satisfied  simultaneously,  and  In  particular.  It 
must  be  chosen  small  enough  that  q(t)  £ 0 for  all  t > 0 . 

672.  The  terminology  'free  Intervals'  and  'blocked  Intervals'  Is 
Arrow's.  Ibid. , p.  9. 
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675.  Where  the  two  differ,  however.  Is  during  periods  when  capacity 
Is  not  expanding. 


For  technical  reasons,  the  analysis  of  blocked  Intervals  for 
which  t " 0 or  for  which  t becomes  Infinite,  or  both, 
must  be  carried  out  separately,  although  the  results  obtained 
are  similar  to  those  obtained  for  the  case  ^ 0 3**^  t.  < “ 

Details  are  provided  In  Ibid. , pp.  10-11.  ° 


Recall  that  money  capital  markets  have  been  assumed  perfect, 
and  further,  that  p(t)  Is  expressed  In  terms  of  capital  goods 
prices  and  the  rate  of  depreciation  Is  zero,  so  that  p(t)  Is 
the  cost  of  capital  (expressed  as  an  Interest  rate). 


The  Irreversibility  of  Investment  may  also  mean  that,  at  the 
time  a recession  ends,  firms  find  that  they  have  substantial 
excess  capacity,  so  that  Increases  In  Investment  spending  will 
lag  behind  the  upturn  In  the  level  of  economic  activity.  See, 
for  example,  O.P.  Garlno,  "Firms  Like  Monsanto  Give  Capital 
Projects  Tough  Second  Looks,"  Wall  Street  Journal  (December 
30,  1976). 


680.  See  section  G of  this  chapter 


lamlc  Stochastic  Theory  of  Managerial 
I.  11-31. 


681.  O.E.  Williamson,  ^ 
Behavior,  op.  clt. 


682.  This  subsection  Is  based  on  Wong,  op.  clt..  pp.  689-694 
similar  model  Is  presented  In  Takayama,  op.  clt.,  pp.  6 


This  Is  more  easily  appreciated  by  referring  to  the  typical 
firm's  statement  of  retained  earnings  Illustrated  In  table 
II-3.  In  (301),  p(t)*f (K(t),L(t))  - w(t)*L(t)  corresponds 
to  net  Income,  D(t)  corresponds  to  dividends  paid,  and  I(t) 
corresponds  to  retained  earnings  (under  the  Implicit  assumption 
that  all  retained  earnings  are  reinvested). 


More  Importantly,  the  constraint  on  Investment  (301)  restricts 
the  speed  of  adjustment  of  the  firm's  capital  stock  to  the 
desired  capital  stock.  In  the  Jorgenson  model  the  firm  can 
sdjust  Its  capital  stock  to  the  most  desired  level  Instantaneously 
l.e.  Investment  Is  reversible.  Note  that  (301)  together  with  the 
constraint  D(t)  < p(t) * f (K(t) ,L(t))  - w(t)*L(t)  Imply  that 
1(C)  > 0 . That  Is,  Investment  Is  Irreversible.  The  maximum 
rate  at  which  the  firm's  cspltal  stock  can  be  reduced  Is  the 
rste  of  depredation. 
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685.  The  derivation  of  (310)  follows.  When  q > 1 , 1-q  < 0 , 

so  that  dividing  each  side  of  (309)  by  1-q  reverses  the  sense 
of  the  inequality,  giving  D*(t)  £ D(t)  , which  implies 
D*(t)  ” 0 , the  minimum  permissible  value.  When  q < 1 , 
dividing  each  side  of  (309)  by  1-q  preserves  the  sense  of  the 
inequality,  giving  D*(t)  >1  D(t)  , which  Implies 
D*(t)  “ p(t) • f (K*(t) ,L*(t) ) - w(t) •L*(t)  , the  maximum  permissible 
value.  When  q ■ 1 , 1-q  ■ 0 , so  that  division  by  1-q  is 
impossible.  For  q " 1 , the  optimal  dividend  policy  must  be 
determined  by  further  considerations,  which  are  set  out  below. 

686.  As  usual,  it  is  assumed  that  L*(t)  > 0 . If  the  constraint 

L(t)  ^ 0 were  binding,  then  at  optimality  P-  ' £ w , 

as  in  condition  (7)  in  section  B of  this 

chapter,  so  that  it  does  not  pay  the  firm  to  hire  any  labor. 

687.  The  condition  (308)  may  be  thought  of  as  the  ' transvi-f  sallty 
condition'  for  the  infinite  horizon  problem.  Difficulties 
associated  with  extending  the  transversallty  condition  to  the 
infinite  horizon  case  are  discussed  briefly  in  Takayama,  op. 
clt. , pp.  623-625,  and  more  fully  in  K.J.  Arrow,  "Applications 
of  Control  Theory  to  Economic  Growth,"  in  G.B.  Dantzlg  and 
A.F.  Velnott  Jr.,  eds..  Mathematics  of  the  Decision  Sciences. 

Part  2 (American  Matnematlcal  Society;  Providence,  R.I.;  1968), 
pp.  85-119. 

688.  For  a discussion  of  sufficiency  see  O.L.  Mangasarlan,  "Sufficient 
Conditions  for  the  Optimal  Control  of  Nonlinear  Systems," 

SIAM  Journal  of  Control  (vol.  4;  no.  1;  February  1966), 
pp.  139-152. 

689.  From  (312),  if  q > 1 , then  K ■ 0 implies  that 

p(t)-f(K(t),L(t)) -w(t).L(t)  - 6-K(t)  - 0 . (*) 

If  L(t)  in  (*)  satisfies  (311)  and  if  the  production  function 
f(K,L)  is  concave,  then  (*)  is  solved  by  a unique  level  of  the 
capital  stock,  K'  in  figure  11-27.  From  (313),  q - 0 
implies  that 

If  L(t)  is  (**)  satisfies  (311)  and  if  the  production  function 
f(K.L)  is  concave,  then  (**)  is  solved  by  a unique  level  of  the 
capital  stock,  K ^ in  figure  11-27. 

690.  In  the  figure  the  arrows  indicate  the  direction  of  change  of 

q and  K , depending  on  the  sign  of  q , the  sign  of  R , 

and  whether  q is  less  than,  equal  to,  or  greater  than  one. 

For  example,  at  point  A,  q > 0 and  q < 1 , so  that 

K * -6*K  < 0 . Therefore,  q is  increasing  and  K is 

decreasing,  so  that  (K,q)  moves  in  the  northwest  direction. 

At  point  B,  q < 0 , and  q > 1 , so  that  ^ > 0 , and  therefore, 

(K,q)  moves  in  the  southeast  direction. 
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691.  Actually  there  are  three  possible  paths:  (1)  K and  q 
converging  to  zero,  (il)  q(t)-*’“>  with 

q(t)  ■ q(t)  [(6+r)  - , and  (111)  K converging 

to  and  q converging  ot  one.  Along  path  (1)  the  firm 

eventually  goes  out  of  business.  Along  path  (11)  necessary 
condition  (308)  Is  violated.  Hence,  only  path  (111)  could  be 
optimal  for  a viable  firm. 

692.  The  justification  for  the  third  condition  Is  the  following. 

If  K - ROpt  , then  K - 0 . From  (302),  I(t)  - 6*K(t)  , 
and  tRen  from  (301) , 

D*(t)  - p(t)-f(K*(t),L*(t))-w(t)-L*(t)-6-K*(t)  . 

693.  Wong,  op.  clt..  p.  692.  It  should  be  noted,  however,  that  the 
managerial  models  could  not,  in  general,  be  used  to  replicate 
this  phase  exactly.  In  particular,  the  multiperiod  managerial 
models,  such  as  the  Harris  model,  typically  Involve  some  sort 
of  valuation  constraint  that  prevents  the  firm's  retention 
ratio  from  falling  to  zero. 

694.  Ibid. , p.  692. 

695.  For  example,  see  R.  Radner,  "Paths  of  Economic  Growth  that  are 
Optimal  with  Regard  only  to  Final  States:  A Turnpike  Theorem," 
Review  of  Economic  Studies  (vol.  28;  February  1961),  pp.  98- 
104;  D.  Cass,  "Optimum  Growth  In  an  Aggregative  Model  of  Capital 
Accumulation,"  Review  of  Economic  Studies  (vol.  32;  no.  91; 

July  1965),  pp.  233-240;  and  S.J.  Tumovsky,  "Turnpike  Theorems 
and  Efficient  Economic  Growth,"  In  E.  Burmelster  and  A.R. 

Dobell,  Mathematical  Theories  of  Economic  Growth  (Macmillan; 

New  York;  1970) , ch.  10. 

696.  Wong,  op.  clt..  p.  691. 

697.  In  Wong's  version  of  the  model,  as  In  the  Arrow  model,  capital 
goods  are  taken  to  be  the  numeraire,  so  that  in  (281)  q ~ 1 
and  q ■ 0 . Thus,  1 ■ r -I-  6 , so  that  (283)  Is  Identical  to 
(315). 

698.  The  existence  of  what  are  commonly  known  as  'mature  Industries' 
and  'growth  Industries'  would  appear  to  lend  at  least  partial 
support  to  Wong's  thesis.  For  example,  see  "New  Leaders  In 
Semiconductors,"  Business  Week  (March  1,  1976),  which  describes 
the  fast  growth  of  new  companies  in  a rapidly  expanding  Industry, 
and  "LTV:  Weak  growth  In  mature  Industries,"  Business  Week 
(April  5,  1976),  which  describes  the  problems  confronting  a firm 
whose  major  product  lines  are  in  mature  Industries.  But  in  these 
cases,  the  growth  of  the  firm  Is  most  heavily  Influenced  by 
demand  factors,  rather  chan  by  the  cost  factors  Implied  In  the 
Wong  model.  As  Harris  and  Wood  argue,  the  existence  of  constant 
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or  Increasing  returns  to  scale  Inplles  that  there  Is  nothing 
"to  prevent  an  Individual  fins  from  growing  continuously  and 
Indefinitely."  Harris  and  Wood,  op.  clt..  p.  xvll.  Of  course, 
this  does  not  mean  that  firms  will  always  continue  to  grow.  Due 
either  to  the  maturity  of  traditional  markets  and  an  unwillingness 
to  diversify  or  to  an  Increased  relative  preference  for  profits 
rather  than  growth,  a firm's  growth  rate  may  fall,  and  concomitantly. 
Its  profitability  may  Improve  — causing  the  firm  to  exhibit  behavior 
consistent  with  the  Wong  model  — even  though  there  Is  no  optimum 
size,  Ropt  , that  causes  It  to  behave  in  this  manner.  See,  for 
example,  "His  Master's  New  Voice,"  Newsweek  (November  17,  1975), 
p.  81,  which  describes  RCA  Corp.  as  "a  mature,  not  a growth, 
company,"  and  "Bringing  Order  to  a Bllllon-Dollar  Empire,"  Business 
Week  (September  8,  1975),  which  describes  a shift  In  management ' s 
preferences  away  from  growth  and  toward  Increasing  profits. 

However,  as  noted  earlier  In  this  subsection.  In  the  Wong  model 
Investment  Is  Irreversible  (i.e.  capital  goods  cannot  be  sold), 
which  represents  the  antithesis  of  the  Instantaneous  downward 
adjustments  In  the  size  of  the  firm's  capital  stock  that  are 
possible  In  the  Jorgenson  model.  Ideally,  one  would  hope  for  a 
more  realistic  treatment  of  capital  decumulation  ~ one  that  falls 
somewhere  between  these  two  extremes. 


700.  See  Eatwell,  op.  clt. . and  the  discussion  of  this  point  In  section  D 
of  chapter  one.  In  addition,  the  evidence  supporting  the  existence 
of  either  constant  or  Increasing  returns  to  scale  In  manufacturing 
Industries  also  casts  considerable  doubt  on  the  existence  of 
optimum  firm  sizes.  For  example,  see  J.  Johnston,  Statistical  Cost 
Analysis  (McGraw-Hill;  New  York;  1960),  and  A. A.  Walters,  op.  clt. 
For  results  of  an  earlier  comprehensive  study  generally  supportive 
of  decreasing  average  cost  for  large  firms  In  heavy  manufacturing 
Industries,  see  National  Bureau  of  Economic  Research,  Cost  Behavior 
and  Price  Policy,  op.  clt.  Similar  results  have  been  obtained  In 
studies  of  manufacturing  Industries  In  other  countries.  For 
example,  see  C.F.  Pratten,  Economies  of  Scale  In  Manufacturing 
Industries  (Cambridge  University  Press;  Cambridge;  1971),  and 

A.  Sllberston,  Economies  of  Scale  in  Theory  and  Practice,  op.  clt. 

701.  Once  again,  a warning  on  the  Interpretation  of  empirical  evidence 
In  economlcr  appears  In  order.  The  empirical  'proof  that.  In 
general,  returns  to  scale  are  constant  or  Increasing  Is  conditional 
on  the  data  used  In  these  various  empirical  tests.  It  Is  possible 
that  flrsm  have  not  yet  reached  the  scale  of  operations  beyond  which 
returns  to  scale  would  decrease.  If  this  were  the  case,  empirical 
tests  would  not  Indicate  the  existence  of  decreasing  returns  to 
■cals.  (Whether  or  not  this  Is  actually  true  Is  a moot  point  — one 
that  will  be  settled  only  If  firms  become  large  enough  that 
diminishing  returns  to  scale  set  In^ 

702.  This  subsection  Is  based  on  H.E.  Island,  "Why  Profit  Maximization 
Hay  Be  A Better  Assumption  Than  You  Think,"  technical  report  no.  80 
(Institute  for  Matheutlcal  Studies  In  the  Social  Sciences,  Stanford 
University;  Stanford,  Calif.;  December  197^ 
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703.  In  particular,  see  the  corollary  to  Theorem  I.  Ibid. . pp.  7-8. 
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704.  Leland  la  not  the  only  economist  who  has  recognized  that  profit 
maximization  may  be  consistent  with  other  goals.  Edith  Penrose 
has  also  argued  that  profit  maximization,  though  In  the  long  run, 
rather  than  In  the  short  run,  may  be  consistent  with  growth 
maximization:  "managers  of  firms  wish  to  maximize  long-run 
profits. ..  [since]  to  Increase  total  long-run  profits  of  the 
enterprise. . . [Is]  equivalent  to  Increasing  the  long-run  rate  of 
growth.”  Penrose,  op.  clt.,  pp.  29-30. 

705.  Leland,  Why  Profit  Maximization  Hay  Be  A Better  Assumption  Than 
You  Think,  op.  clt.,  pp.  17-22. 

706.  In  particular,  the  production  function  f(K,L)  Is  linear 
homogeneous  and  product  markets  are  perfectly  competitive.  Ibid. . 

p.  21. 

707.  In  the  more  general  formulation  of  his  model,  Leland  expressed  the 
objective  functional  as 

T 

f F[K(t),L(t),t]  dt  , (*) 

0 

without  restrictions  on  how  the  future  is  discounted.  Ibid. . p.  4. 

708.  In  the  general  formulation  of  the  model, 

K(t)  - l[Tr{K(t),L(t),t},K(t),t]  , 

where  Leland  uses  P In  place  of  ir  . Ibid. , p.  5.  As  In  the 
Arrow  model,  the  separate  argument  t can  be  Interpreted  as  a 
surrogate  for  technical  progress. 

709.  Leland  does  show,  however,  that  many  of  the  basic  results  he 
establishes  still  hold  when  external  finance  is  permitted.  Ibid. , 
appendix  B. 

710.  Note  that  the  extreme  cases  U(it,S)  ■ ir  and  U(ir,s)  ■ S 
correspond  to  pure  profit  maximization  and  to  pure  sales  maximiza- 
tion, respectively. 

711.  For  example,  total  profit,  '>t  , in  (318)  is  a cogq>ositc  f-mctlon  of 
time.  In  contrast  to  (317)  where  time  t Is  an  argument  of  the 
profit  function,  thereby  implying  that  the  functional  relationship 
between  ir  and  ita  argumente  K and  L may  shift  over  time,  time 
affects  total  profit,  and  hence  nrc'  investment,  only  indirectly  — 
through  its  Impact  on  K and  L — in  (318).  Thus,^  K may  change 
over  time,  but  the  functional  relationship  between  K and  ita 
argumente  K and  L will  not  change  over  time  in  (318). 

712.  Ibid.,  p.  5. 
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713.  The  inequality  e”*^^  I?  ^ ® follows  from  the  assunption 

3U 

of  nonsat lability,  3^  ^ ^ (l.e.  more  sales  are  always  preferred 

to  less),  and  the  fact  that  e > 0 and  w > 0 (l.e.  In 

general,  labor  Is  not  a free  good). 

714.  Since  the  left-hand  side  of  (326)  Is  positive  when  evaluated  at 
LP(t)  , It  may  be  concluded  that  a utility  maximizing  firm,  where 
utility  Is  a function  of  total  profit  and  total  sales,  will.  In 
general,  produce  more  output  than  a pure  profit  maximizer.  This 
result  Is  In  agreement  with  the  results  obtained  from  the  Baumol 
sales  maximization  model,  which  was  discussed  In  section  G of  this 
chapter.  The  more  Interesting  question,  however.  Is  'how  different' 
the  policies  of  these  two  types  of  firms  are. 

715.  Leland  establishes  a more  general  result  for  arbitrary  objective 
function  F(k(t) ,L(t) ,t]  — see  footnote  707  — and  for  a more 
general  net  Investment  function.  Ibid. . pp.  7-8.  He  also  goes  on 
to  establish  two  simple  tests  for  convergence  of  optimal  current 
operating  policies  to  profit  maximization.  Ibid. . pp.  14-17. 

716.  In  this  case  l*j(t)  approaches  a finite  limit  as  the  planning 
horizon  becomes  Infinite,  but  as  long  as  8 < 0 , A*<j>(t)  Is  an 
Increasing  function  of  T-t  , Implying,  as  Leland  suggests,  that 
optimal  current  policy  moves  closer  to  profit  maximisation,  even 
though  profit  maximization  Is  not  reach^  In  the  limit.  Ibid. , 
pp.  8-9. 

717.  A someidiat  weaker  necessary  coodltioa  for  A*f(t)  to  become 
unboundedly  large  would  result  If  the  model  (318)  were  modified 
to  permit  ir,  S,  and  it  to  depend  directly  on  t , as  In  (317). 

Then  the  functional  ralat lonshlpa  embodied  In  (318)  could  be  made 
to  shift  outward  over  time  and  a condition  analogous  to  (334)  could 
hold  as  a rasult  of  these  shifting  relationships,  rather  than 
becauae  of  the  (stronger)  requlrament  that  the  shape  of  the  tlsw 
Invariant  functional  relationship  ir(K,L)  be  such  that  (334)  holds 
for  all  K attainable  through  Internally  financed  Investment. 

718.  In  the  model  (318)  U may  be  thought  of  as  top  management's  utility 
function,  where  the  Inclusion  of  the  profit  argument  reflects  the 
wishes  of  the  financial  executives  and  shareholders  and  the 
Inclusion  of  tha  sales  argument  reflects  the  wishes  of  the  production 
and  marketing  staffs. 

719.  In  vlaw  of  tha  Issues  raised  In  tha  literature  dealing  with  social 
welfare  functions  and  social  choice  rules.  It  Is  recognized  that 
the  notion  of  a 'collective  utility'  function  Is  somewhat  imprecise. 
For  example,  see  Haal,  op.  clt. » ch.  2.  It  Is  this  writer's  opinion 
that  one  way  around  thsaa  criticisms  Is  to  let  this  utility  function 
be  formed  by  top  management,  say  tha  chairman  of  the  board  of 
directors  (without  any  claim  being  made  as  to  tha  'optimality'  or 
even  tha  'desirability'  of  this  procedure). 


This  subssctlon  is  based  on  C.G.  Krouse,  "On  the  Theory  of  Optimal 
Investment,  Dividends,  and  Growth  in  the  Firm,"  American  Economic 
Review  (vol.  63;  no.  3;  June  1973),  pp.  269-279. 


See  S.  Katz,  "A  Discrete  Version  of  Pontryagln's  Maximum  Principle 
Journal  of  Electronics  and  Control  (vol.  13;  no.  2;  August  1962), 
pp.  179-184,  and  H.  Halkin,  "A  Maximum  Principle  of  the  Pontryagin 
Type  for  Systems  Described  by  Nonlinear  Difference  Equations," 

SIAM  Journal  of  Control  (vol.  4;  no.  1;  February  1966),  pp.  90-111 
See  also  Takayama,  op.  cit.,  pp.  468-485;  and  Bensoussan,  Hurst, 
and  Naslund,  op.  cit.,  pp.  27-30. 


Krouse  distinguishes  bettreen  'external*  equity  financing,  in  which 
shares  are  sold  to  the  public  and  in  which  transactions  costs 
are  incurred,  and  'internal*  equity  financing,  in  which  shares  are 
sold  through  a preemptive  rights  offering  to  existing  shareholders 
in  a manner  that  does  not  Involve  transactions  costs.  Thus, 
internal  equity  financing  is  tantamount  to  paying  'negative 
dividends'.  Krouse,  On  the  Theory  of  Optimal  Investment,  Dividends 
and  Growth  in  the  Firm,  op.  cit..  p.  271.  Krouse  considers  only 
equity  financing,  i.e.  the  firm  Issues  no  debt.  The  extension  of 
Krouse' 8 results  by  permitting  debt  financing  has  been  accomplished 
by  Senchack,  op.  cit. 


723.  See  section  G of  this  chapter 


See  the  discussion  in  section  I of  this  chapter  of  Miller's  and 
Modigliani's  proposition  concerning  the  irrelevance  of  the  firm's 
dividend  policy,  and  in  particular,  the  remarks  concerning  the 
critically  important  assumption  of  perfect  equity  markets. 


725.  In  %K>rds,  equity  funds  raised  internally  are  equivalent  to  negative 
dividends. 


Expectations  or  information  assymmetry  between  existing  shareholders 
and  potential  shareholders  is  held  to  account  when  6(t)  ^ 1 . 
Krouse,  On  the  Theory  of  Optimal  Investment.  Dividends,  and 
Growth  in  the  Fine,  op.  cit..  p.  271. 


This  Includes,  of  course,  dividends  for  the  initial  period,  which 
are  paid  at  the  end  of  that  period. 


728.  The  derivation  of  (336)  from  (335)  follows.  Separating  the 
initial  period  from  later  periods,  (335)  becomes 


V(0)  - k(0)-D(0)  + k(0)  Z D^(t)k(t)  , (*) 

t*l 

where  k(t)  discounts  back  to  the  beginning  of  period  1 (in 
contrast  to  k(t)  , which  discounts  to  the  beginning  of  period  0 ) 
Since  any  new  equity  shares  issued  during  period  0 are  issued 
ax  dividtndBt  the  entire  dividend  payout  of  the  initial  period  is 
received  by  initial  shareholders,  so  that  D (0)  • D(0)  . However, 
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In  later  periods  the  Initial  shareholders  receive  only  a pro  rata 
portion  of  the  total  dividends  paid.  In  particular,  they  receive 
a portion  1 - 6(0)*E(0)/V(1)  of  the  dividends  paid  to  shareholders 
of  record  at  the  beginning  of  period  1 . For  example.  If  the 
current  urket  share  price  Is  $80  , the  Issue  price  Is  $100  , 

100  shares  are  outstanding,  and  10  new  shares  are  Issued,  then 
8(0)  - 4/5  , E(0)  - $1000  , and  V(l)  - 8800  , so  that 

1 - 6(0)*E(0)/V(1)  - 10/11  , which  Is  the  proportion  of  the  firm's 
outstanding  shares  owned  by  Initial  shareholders. 

Thus,  (*)  may  be  rewritten  as  „ 

V(0)  - lt(0){D(0)  + [1  - 6(0)-E(0)/V(l)]  I D (t)*k(t)}  , (**) 

t-1 

where  the  sum  represents  the  present  value  of  dividends  paid  to 
shareholders  of  record  at  time  1 (l.e.  at  the  beginning  of  period  1 ), 
and  this  sum  multiplied  by  the  term  In  brackets  gives  the  portion  of 
this  sum  paid  to  Initial  shareholders.  But,  by  definition, 

• 

V(l)  - Z D, (t)*k(t)  , so  that  (**)  may  be  rewritten  as 
t-1 

V(0)  - k(0)(D(0)  - 6(0)-E(0)I  + Z D (t)-k(t)  . (***) 

t-1 

By  proceeding  In  this  same  manner  iteratively  through  periods  1 , 

2 , etc.,  and  by  using  the  Identity  D(t)  = X(t)  - I(t)  to 
substitute  for  D(t)  , (***)  Is  transformed  Into  (336). 

729.  In  particular,  note  the  difference  between  t[I(t),E(t)]  In  (337) 
and  the  alternative  form,  ♦[I(t)  + E(t)]  , which  allows  only  for 
the  else  of  the  firm's  capital  budget.  By  distinguishing  between 
the  two  sources  of  finance,  the  former  can  be  aude  to  reflect  fully 
the  transactions  costs  associated  with  external  equity  financing. 

It  Is  assumed  that  ^[0,0]  - 0 ; that  ^ has  a full  set  of 
continuous  second  partial  derivatives;  and  that,  beyond  sosie  point, 
the  firm  experiences  diminishing  returns  to  Investment. 

730.  Ibid. , pp.  272-273.  Of  somewhat  less  Importance,  It  Is  also 
assumed  that  the  new  level  of  earnings  could  be  maintained  throughout 
all  future  time  periods  provided  net  Investment  were  nonnegative  In 
each  future  time  period.  That  la,  any  level  of  earnings,  once 
attained,  can  be  maintained  simply  by  making  gross  Investment 
sufficient  to  offset  depreciation.  Should  depreciation  exceed  gross 
Investment,  disinvestment  occurs  and  'negative'  retained  earnings 
(l.e.  total  dividends  paid  exceed  earnings)  may  result. 

731.  See  footnote  721  for  references. 

732.  The  necessary  conditions  set  out  below  are  written  somewhat 
differently  from  the  way  they  are  presented  In  Krouse.  Ibid. , 
pp.  274-275.  This  Is  done  In  order  to  bring  out  more  clearly  the 
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analogy  that  cxlats  between  the  continuous  and  the  discrete 
versions  of  the  maxlmua  principle  (under  the  appropriate  assumptions). 
This  difference  Is,  however,  one  of  form  only,  and  the  solution  to 
the  model  obtained  here  Is  Identical  to  the  solution  furnished  by 
Krouse. 

733.  The  derivation  of  (344)  follows.  Using  (342)  to  write  expressions 
for  AA(t-fl),  AA(t-<-2),  ...  ,AA(t4i)-l)  , and  then  summing,  yields, 

A(t+2)  - A(t+1)  - -k(t+l) 

A(t+3)  - A(t+2)  - -k(t+2) 

A(t+4)  - A(t+3)  - -k(t+3) 


A(t4n)  - A(t-Hi-l) ■ -k(fHi-l) 

t+n-l 

A(t4ii)  - A(t+1)  - - I k(T)  (*) 

T*t+1 


Taking  the  limit  of  each  side  of  (*)  as  n-*-"  and  then  applying 
(343)  yields 

«0 

-A(t+1)  - - Z k(T)  , (**) 

T-t+1 

which  Is  equvalent  to  (344).  The  infinite  series  In  (**)  converges, 
provided  the  discount  rate  each  period  Is  strictly  positive,  because 
the  Infinite  series  Is  bounded  from  above  by  the  convergent  geometric 
« T 

series  £ • where  r Is  the  greatest  lower  bound  for 

the  set  {r(t+l),  r(t+2),  ...  , r(t+n),  ...) 

734.  That  Is,  A(t+1)  is  measured  In  terms  of  the  units  in  which  the 

term  D (t)‘k(t)  in  (335)  Is  denominated, 
o 

735.  These  conditions  are  also  sufficient  for  a unique  maximum  to  the 
optimal  control  problem  (338)  if  H is  strictly  concave.  Strict 
concavity  can  be  attained  by  imposing  the  appropriate  restrictions 
on  ^(t)  and  M(t)  . 

736.  Ibid. . p.  275.  The  product  6(t)*E(t)  represents  the  Incremental 
stock  market  value  of  the  firm  when  an  amount  E(t)  is  raised 
through  an  external  equity  issue  (assuming  E(t)  > 0 ).  The 
partial  derivative  N(t)  measures  the  instantaneous  rate  of  change 
of  this  incremental  stock  market  value  with  respect  to  E(t)  , 


i ( 


Note  Chat 


Z 

T»t+1 


fc(T)  , 


1 + r(t+l)  [1  + r(t-»-l)]  II  + r(t+2); 


representa  the  value  aa  of  the  beginning  of  period  c of  a 
perpetual  annutly  beginning  that  period.  Thua  Z(t)  la  equivalent 
In  value  to  a perpetual  annuity  beginning  In  period  t that  paya 
an  amount  A(c)  per  period  (forever). 

738.  Note  Chat  alnce  Che  atructure  of  ^ Cakea  Into  account  Cranaactlona 
coata  on  external  equity  laauea,  the  neceaaary  condition  (348)  alao 
cakea  thaae  coata  into  account.  In  particular.  If  5(t)  = 1 

and  If  Che  Cranaactlona  coata  aaaoclated  with  any  external  iaaue 
are  atrlctly  poaltlve,  then  E(t)  ■ 0 , l.e.  external  aourcea  of 
equity  will  not  be  tapped.  For  external  equity  financing  to  be 
employed,  condltlona  (347)  and  (348)  require  that,  over  aome  range 
of  E(C)  , Che  marginal  external  Iaaue  market  value  be  leaa  than 
Che  marginal  contribution  of  an  external  Iaaue  to  Inveatable  funds 
(l.e.  E(t)  leaa  Cranaactlona  coata).  Ibid . , p.  277.  To  aee  thla, 
let  J repreaenC  externally  acquired  funda  net  of  transactions 

costs.  Then  * "fj  * and,  by  definition,  . From 

(347)  and  (348),  at  optimality  M(t)  • , l.e.  It  la  necessary 

that  Che  marginal  external  Issue  market  value  just  equal  the 
marginal  contribution  of  an  external  Issue  to  Investable  funda. 

739.  To  aee  why  this  is  true,  note  thee,  under  the  aesuaiptlone  just 
stated,  Z(t)  becomes 


Z(t)-  E 

t-1  \l  + r/  r 


Since,  by  assumption,  A(t)  ■ M(t)  ■ 1 and  1 and  E are 
Indistinguishable,  (347)  and  (348)  become  simply 


1 Jliiti  . 1 liiti  . - 

j 3B(t)  ^ " 3B(t) 

740.  Ibid. . pp.  277-278. 

741.  Ibid. . p.  278. 

742.  This  extension  la  carried  out  In  Senchack,  op.  clt. 

743.  See  Hlrshlelfer,  Investment.  Interest,  and  Capital,  op.  clt..  p.  261, 
on  this  point.  The  argtnent  is.  In  essence,  chat  the  distinction 
between  debt  and  equity  really  becomes  important  only  when  there  la 
uncertainty  because  Chen  Che  difference  In  Che  relative  riskiness 

of  the  two  types  of  securities  la  what  distinguishes  them. 
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744 


Krouse,  On  tha  Theory  of  Optimal  Investment.  Dividends,  and  Growth 
In  the  Firm,  op.  cit.«  p.  279. 


( 

745.  For  a refomulation  of  the  managerial  theories  In  terms  of 
managerial  utility  maximization  under  uncertainty,  see  G.K.  Yarrow, 
Managerial  Utility  Haxlmlzatlon  under  Uncertainty,  op.  clt.  Also , 
O.E.  Williamson  has  modified  his  basic  managerial  model  of  the 
firm  to  Incorporate  uncertainty.  See  O.E.  Williamson,  A Dynamic 
Stochastic  Theory  of  Managerial  Behavior,  op.  clt..  pp.  11-31. 

746.  See  subsection  4 of  section  G,  subsection  3 of  section  H,  and 
subsection  3 of  section  L. 

747.  The  Vickers  and  Herendeen  models  discussed  In  section  I also 
explore  the  relationship  between  the  firm's  operating  decisions 
and  Its  financial  decisions.  However,  by  making  the  average  rate 
of  Interest  and  the  otmers'  capitalization  rate  functions  of  the 
level  of  debt  (Vickers)  and  the  leverage  ratio  (Herendeen),  they 
assume  (rather  than  demonstrate)  that  a significant  relationship 
exists.  That  Is,  the  Vickers  and  Herendeen  models  abstract  from 
the  factors,  l.e.  market  Imperfections  and  the  Incompleteness  of 
markets,  that  may  cause  the  Interest  rate  and  the  owners' 
capitalization  rate  to  vary  In  the  manner  they  suggest. 

748.  However,  Yarrow  has  shown  how  to  extend  Baumol's  sales  maximization 
model  and  Harris's  utility  maximization  model  to  permit  uncertainty. 
Yarrow,  Managerial  Utility  Maximization  under  Uncertainty,  op.  clt. 


( 


749. 


Lelbensteln,  op.  clt. 


III.  THE  BEHAVIOR  OF  THE  FIRM  OVER  THE  BUSINESS  CYCLE 


A.  INTRODUCTION^ 

2 

The  traditional  theory  of  the  firm  postulates  that  the 
firm  functions  primarily  for  the  economic  benefit  of  its  owners. 
Depending  on  the  treatments  given  time  and  uncertainty,  the 
objective  function  in  traditional  nx>dels  has  been  formulated 

3 

variously  in  terms  of  maximizing  total  profit;  the  current 

4 5 

stock  market  value  of  the  firm;  the  current  share  price; 

0 

the  total  market  value  of  the  firm;  the  expected  utility 

T 8 

of  total  profit;  or  expected  shareholder  utility.  An 

alternative  view  of  the  objectives  of  the  firm  has  been  put 

forward  by  the  managerialists.  Citing  the  apparent  separation 

g 

of  ownership  from  control  in  large  corporations,  they  argue 
that  corporate  managers  are  able  to  pursue  their  own  objec- 
tives to  the  detriment  of  the  owners'  objectives.  In  the 
managerial  models  of  the  firm,  the  objective  function  has 
been  formulated  variously  in  terms  of  maximizing  total  revenue 
the  steady  state  rate  of  growth  of  the  firm;^^  managerial 

utility  expressed  as  a function  of  the  steady  state  growth 

12 

rate  and  the  valuation  ratio;  managerial  utility  expressed 

as  a function  of  staff,  managerial  emoluments,  and  discretionary 
13 

profit;  or  the  discounted  value  of  managerial  utility 

14 

expressed  as  a function  of  total  profit  and  total  sales. 
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An  extensive  literature  has  accumulated  as  a result  of 


managerial  criticisms  of  the  traditional  theory  and  attempts 

by  proponents  of  the  two  views  to  defend  their  positions  with 

15 

empirical  evidence.  With  some  exceptions,  the  debate  has 


tended  to  focus  attention  on  the  differences  between  traditional 


firms  and  managerial  firms,  with  the  Implication  - either 


stated  or  Implied  - that  firms  always  behave  either  one  way 

(e.g.  always  maximizing  profit)  or  the  other  (e.g.  always 

maximizing  growth).  One  such  exception  Is  a paper  by 

O.E.  Williamson  that  suggests  that  the  state  of  the  firm's 

Immediate  environment  may  condition  the  firm's  behavior  and 

cause  It  to  alternate  between  periods  of  profit  maximization 

17 

and  periods  of  managerial  utility  maximization.  More  recently 

Solow  has  suggested  that  both  types  of  firms  would  be  expected 

to  exhibit  very  similar  responses  to  many  forms  of  external 
18 

stimuli,  and  Leland  has  stated  conditions  under  which  the 


optimal  current  operating  policies  of  a managerial  firm  would 

converge  to  profit  maximization  as  the  firm's  long  run  equilibrium 

19 

operating  policy.  A somewhat  different  approach  to  reconciling 

the  traditional  and  managerial  theories  Is  due  to  Wong,  whose 

model  suggests  that  growth  maximization  and  profit  maximization 

20 

may  correspond  to  different  phases  In  the  firm's  life  cycle. 

In  the  opinion  of  this  writer,  the  Williamson,  Solow,  Leland, 
and  Wong  studies  suggest  that,  even  at  a theoretical  level, 
the  line  of  demarcation  between  traditional  firms  and  managerial 


firms  may  be  poorly  marked. 

In  addition  to  the  traditional  and  managerial  theories 


which  also 


of  the  firm,  there  are  the  behavioral  theories 


suggest  to  this  writer  that  the  behavior  of  actual  firms  over 


4 Vj*’ 


time  may  at  times  appear  more  consistent  with  the  traditional., 
p models  and  may  at  other  timee  appear  more  consistent  with  the 

managerial  models.  According  to  the  behavioral  view,  the 
firm  does  not  seek  to  maximize  any  single  objective.  The 
firm  sets  various  goals  that  are  mutually  satisfactory  to  the 
different  social  groupings  that  comprise  the  firm,  and  the 
actual  behavior  of  the  firm  may  change  over  time  as  a result 
of  power  shifts  among  the  groupings  that  bring  about  a realignment 
of  the  firm's  goals.  For  example,  during  certain  periods 
the  firm  may  appear  to  pursue  traditional  objectives  as  it 
sells  off  unprofitable  divisions  and  reduces  staffs  and  managerial 
emoluments  in  an  effort  to  raise  profitability.  During 
other  periods  it  may  appear  to  pursue  managerial  objectives 
as  it  actively  seeks  out  other  firms  to  take  over  and  Increases 
advertising  and  promotional  expenditures  dramatically  In  order 
to  increase  sales.  The  behavioral  theories  explain  such 
changes  in  behavior  in  terms  of  factors  internal  to  the  firm. 

An  alternative  explanation  is  that  changes  in  the  firm's  operating 
environment  are  responsible. 

One  of  the  main  differences  between  the  traditional  and 


managerial  models  of  the  firm  on  the  one  hand  and  the  behavioral 
models  on  the  other  is  that  the  former  are  more  concerned 
with  modeling  phenomena  external  to  the  firm  - e.g.  modeling 
the  firm's  choice  of  price  and  output  level  subject  to  given 
market  demand  conditions  and  a given  market  structure  or  modeling 


the  growth  of  the  firm  subject  to  a stock  market- imposed 
valuation  constraint  - while  the  behavioral  models  are  mainly 
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concerned  with  modeling  phenomena  internal  to  the  firm  - 

e.g.  modeling  the  actual  decision-making  processes  of  firms. 

The  modeling  requirements  in  the  two  cases  differ.  In  the 

first  case,  if  only  external  phenomena  were  of  interest,  a 

profit  maximization  model  might  serve  as  a reasonable  'if  ... 

then'  type  of  model  to  test,  say,  the  Impact  of  a change  in 

the  corporate  profit  tax  rate  on  the  behavior  of  the  firm, 

even  if  actual  firms  do  not  try  to  maximize  profit  (or  stock 
22 

market  value).  In  the  second  case,  if  only  internal  phenomena 

were  of  interest,  a more  detailed,  and  possibly  even  firm- 
specific,  model,  such  as  a model  of  the  sociological  process 
at  work  within  the  firm,  might  be  needed.  In  this  thesis, 
chapters  three  and  four  are  mainly  concerned  with  external 
phenomena  - the  business  cycle  in  chapter  three  and  the  financial 
markets  in  chapter  four  - while  chapter  five  is  mainly  concerned 
with  internal  phenomena  - specifically,  internal  resource 
allocation. 

It  is  this  writer's  belief  that  actual  firms  do  have  multiple 

objectives  and  that  the  relative  weights  attached  to  these 

objectives  vary  over  time,  depending  largely  on  the  state 

of  the  firm's  immediate  operating  environment.  One  strongly 

influential  factor  is  the  state  of  demand  for  the  firm's  products, 

23 

and  in  particular,  the  state  of  the  business  cycle. 

During  the  upswing  overall  demand  is  increasing  and 

24 

individual  markets  are  expanding.  Sales  and  profits 

25 

increase  and  the  outlook  for  investment  is  relatively  favorable. 

Firms  grow  Internally  by  expanding  sales  of  existing  products 

and  by  Introducing  and  developing  markets  for  new  products, 

26 

and  they  grow  externally  by  taking  over  other  firms. 


576 


During  the  downswing,  however,  overall  demand  is  falling  and  • 

individual  markets  are  contracting.  Profits  fall  and  the  outlook 

27 

for  investment  is  relatively  unfavorable.  Plans  for  Introducing 

28 

new  products  or  for  capital  spending  may  be  postponed. 

Rather  than  actively  seeking  takeover  candidates,  firms  may 

try  to  sell  off  unprofitable  or  marginally  profitable  subsidiary 
29 

companies.  During  the  upswing  firms  tend  to  be  more  growth- 
30 

oriented  - indeed,  they  often  feel  they  must  grow  in  order 

to  protect  their  market  shares  - while  during  the  downswing 

31 

they  tend  to  be  more  profit-oriented.  In  recent  years  the 
business  literature  has  contained  many  stories  of  companies 
that  grew  very  rapidly  by  acquisition  during  the  economic 
upsurge  of  the  1960s  and  that  were  forced  to  sell  off  many 

32 

of  their  acquisitions  during  the  recession  of  the  early  1970s. 

In  the  opinion  of  this  writer,  the  impact  of  the  business 

cycle  on  the  behavior  of  the  firm  needs  to  be  explored. 

There  have  been  several  papers  that  have  either  dealt  explicitly 

with  some  facet  of  the  firm's  behavior  over  the  business 

cycle^^  or  explored  a pattern  of  behavior  that  could  be  interpreted 

34 

in  terms  of  the  business  cycle.  In  addition,  other  studies 

35 

have  dealt  with  the  dynamics  of  demand  and  of  costs,  while 

others  have  explored  the  dynamics  of  the  firm's  inventory 

policy.  A third  set  of  studies  has  explored  the  impact 

37 

of  uncertainty  on  the  behavior  of  the  firm.  But  no  one 

has  yet  provided  an  integrated  model  - managerial  or  otherwise  - 

of  the  behavior  of  the  firm  over  the  business  cycle. 


The  purpose  of  this  chapter  and  the  two  that  follow  is 
to  develop  such  a model.  In  the  first  stage  of  the  model's 
development,  which  is  presented  in  this  chapter,  financial 


considerations  are  subsumed  within  the  model.  Attention  is 
focused  on  real  (as  opposed  to  financial)  factors  that  affect 
the  behavior  of  the  firm.  In  chapter  four  the  role  of  finance 
is  introduced  into  the  model  and  in  chapter  five  the  role 
of  factors  internal  to  the  firm,  such  as  the  internal  allocation 
of  physical  capital  and  human  capital  and  internal  planning 
and  control,  are  brought  into  the  model. 

The  major  purpose  of  this  chapter  is  to  explain  how  changes 
in  the  level  of  demand  over  the  business  cycle  may,  by  alternatively 
loosening  and  tightening  the  constraints  on  managerial  discretion, 
cause  the  observed  pattern  of  the  firm's  behavior  to  (appear 
at  least  to)  alternate  between  'profit  maximization'  (i.e. 
the  mode  of  behavior  postulated  in  the  traditional  models) 
and  'growth  maximization'  (i.e.  the  mode  of  behavior  conjectured 
in  the  managerial  models).  A model  of  the  firm  is  developed 
in  sections  B and  C,  first  for  the  certainty  case  and  then 
for  the  uncertainty  case.  The  behavior  of  the  firm  over  the 
business  cycle  is  explored  in  sections  D and  E,  first  for 
the  simple  case  of  two  possible  states  of  the  firm's  operating 
environment  and  then  for  the  more  general  case. 

B.  THE  MODEL  UNDER  CERTAINTY 

1.  The  Objectives  of  the  Firm 

The  debate  between  the  traditionalists  and  the  manager- 
ialists has  focused  on  the  different  objectives  of  shareholders 
(or  loosely,  the  'owners')  and  managers  and  the  extent  to 
which  the  supposed  separation  of  ownership  from  control  in 
large  corporations  has  permitted  professional  managers  to 
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pursue  their  own  objectives  to  the  detriment  of  the  objectives 

of  the  firm's  shareholders.  In  contrast,  the  behavioralists 

have  argued  that,  in  general,  the  firm  does  not  pursue  the 

goals  of  one  social  grouping  to  the  mutual  exclusion  of  the 

goals  of  the  other  social  groupings  that  comprise  the  firm. 

In  this  subsection  it  is  conjectured  that  the  firm  does  not 

pursue  exclusively  the  objectives  of  either  shareholders  or 

managers,  but  rather,  that  it  seeks  to  maximize  the  collective 

utility  of  shareholders  and  managers,  as  interpreted  by  the 

38 

corporate  board  of  directors.  This  collective  utility  is 
embodied  in  a multivariate  utility  function,  the  argiunents 
of  which  reflect  the  sources  of  shareholder  as  well  as  managerial 
satisfaction. 

In  this  thesis  it  is  assumed  that  corporate  managers 
derive  utility,  or  satisfaction,  from  three  main  sources. 

39 

The  first  source  is  total  revenue,  which  is  denoted  by  R(t). 

Total  revenue  is  a direct  source  of  satisfaction  to  managers 
directly  Involved  with  sales  and  an  indirect  source  of  satis- 
faction to  all  other  managers  because,  ceteris  paribus,  greater 
size  means  larger  salaries,  greater  promotional  opportunities, 
etc.^^  The  second  source  is  managerial  emoluments,  which  are 
denoted  by  M(t).^^  Managerial  emoluments,  which  are  defined 
here  in  the  O.E.  Williamson  sense  to  include  managerial  salaries 
and  perquisites  in  excess  of  the  opportunity  cost  of 
the  managers  receiving  them,  are  a source  of  satisfaction 
to  managers  directly  because  of  the  utility  derived  from  direct 

compensation  and  also  indirectly  because  they  contribute  to 

42 

the  status  and  prestige  of  managers.  The  third  source  is 
growth, which  will  be  allowed  for  in  the  model  developed 
below.  Growth  is  valued  directly  because  it  lends  the  impression 
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that  the  firm  Is  'progressive*  and  indirectly  because  it  creates 

more  opportunities  for  the  internal  promotion  of  lower  and 

44 

middle  level  managers. 

In  this  thesis  it  is  also  assumed  that  shareholders 
derive  utility  from  two  main  sources.  The  first  source  is 

45 

the  dividends  they  receive,  which  add  to  their  immediate  income. 

Hereafter  total  dividends  paid  are  denoted  by  D(t).  The  second 

source  is  the  earning  power  of  the  firm's  capital  assets,  which 

affects  the  dividends  shareholders  can  expect  to  receive  in  the 

future  (if  they  continue  to  hold  their  shares)  and  the  price  per 

46 

share  they  can  expect  to  receive  when  they  sell  their  shares. 

While  dividends  are  not  generally  regarded  as  a source 
of  direct  satisfaction  to  managers,  nor  are  they  necessarily 
a source  of  disutility. Managers  are  held  to  value  security.^® 
In  a publicly  held  company  that  security  depends  on  the  attitude 
of  shareholders,  who  could  vote  out  management  at  the  annual 
meeting  or  sell  their  shares  to  a takeover  raider  if  they 

49 

are  dissatisfied  with  the  policies  of  current  management. 

Higher  dividends,  to  the  extent  that  they  increase  shareholder 

satisfaction  directly  or  else  lead  to  an  Increase  in  the  share 
50 

price  and  thereby  improve  shareholder  satisfaction,  can 

Indirectly  benefit  managers  by  making  their  position  relatively 
51 

more  secure. 

Having  described  the  sources  of  shareholder  and  managerial 
satisfaction,  the  objective  function  of  the  model  of  the  firm 
developed  in  the  next  subsection  may  now  be  foraulated.  In 
this  thesis  it  is  assumed  that  the  firm  has  a finite  planning 
horizon  T periods  into  the  future,  where  time  is  measured 
continuously  in  units  of  arbitrary  length  (e.g.  periods  = years). 
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In  the  certainty  model  without  finance,  which  is  developed 
In  the  next  subsection,  the  firm  is  assumed  to  select  operating 
policies  that  maximize  the  discounted  utility  over  the  planning 
period  (t  * o to  t ■ T)  plus  the  discounted  utility  of  the 
firm's  capital  stock  at  the  planning  horizon, 

T 

/ U (R(t),  D(t),  M(t))e‘^^dt  + U (K(T))e"’^'^  , (1) 

o * * 

where  K(T)  denotes  the  firm's  capital  stock  at  the  planning 
horizon  and  where  r is  the  collective  time  rate  of  discount, 

0 < r < 1,  which  is  assxnned  constant  (at  least  over  the  planning 
period).  In  the  certainty  version  of  the  model,  if  capital 
markets  are  assumed  to  be  perfect , then  r can  be  taken  to  be 
the  exogenously  determined  market  rate  of  interest.  In  the 
uncertainty  versions,  in  which  there  may  be  bonds  with  different 
rates  of  interest,  r can  be  taken  to  be  the  board  of  directors' 
(collective)  subjective  time  rate  of  discount  (determined 
as  of  time  t • 0).  In  subsection  2,  which  immediately  follows 
this  subsection,  the  model  of  the  firm  is  formulated  under 
the  assumption  that  the  firm  seeks  to  maximize  (1)  subject 
to  certain  constraints  specified  in  that  subsection.  The 
purpose  of  the  remainder  of  this  subsection  is  to  explain 
the  interpretation  of  (1)  and  to  indicate  how  (1)  is  to  be 
modified  when  uncertainty  is  permitted. 

The  utility  functions  U and  U in  (1)  are  interpreted 
as  collective  utility  functions.  The  meaning  of  such  functions 
deserves  comment.  As  proved  by  Arrow,  there  does  not, 
in  general,  exist  a social  choice  rule  - a process  by  which 
individual  preferences  can  be  aggregated  into  a social  preference 
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scaling  - that  exhibits  transitivity  and  the  four  other 


properties  generally  considered  desirable.  However,  the 
smaller  is  the  number  of  individuals  whose  preferences  are 
being  aggregated  and  the  more  closely  in  agreement  are  these 


individuals'  preferences  regarding  corporate  priorities,  the 


more  likely  it  is  that  an  acceptable  social  choice  rule  could 


be  found 


It  should  be  emphasized  that  the  models  developed  in 


this  thesis  are  planning  models.  Accordingly,  the  firm  is 


assumed  to  set  its  operating  policies  at  time  t * o for  the 


time  period  spanning  t ■ o to  t * T 


are  made  at  time  t ■ o,  it  is  reasonable  to  assume  that  the 


functional  forms  D and  U do  not  vary  with  t within  each 


planning  problem.  The  functional  forms  are  set  at  time  t - o 


when  the  planning  operation  is  carried  out.  The  functional 

58 

forms  0 and  U may  change  in  a real  time  sense,  however 


as  the  firm  repeats  the  planning  cycle,  sets  a new  time  t * o 


and  reformulates  the  planning  problem 


Following  Sandmo 


it  is  assumed  that  within  the  firm 


there  is  a relatively  small  group  of  key  decision  makers  whose 
preferences  are  sufficiently  similar  as  to  Justify  aggregating 
their  preferences  into  a collective  utility  function.  Specifically 
it  may  be  argued  that  the  corporate  board  of  directors,  which 
includes  members  of  top  management  and  which  is  elected  by 


Continuing  this 


the  shareholders,  sets  corporate  policy 


line  of  argument,  it  is  the  board  of  directors  who,  in  setting 
corporate  policy,  interpret  the  wishes  of  shareholders  and 
of  managers  at  all  levels  and  who,  in  setting  corporate  dividend 


and  Investment  policies,  at  least  implicitly  make  trade  offs 


of  the  kind  embodied  in  U and  U in  (1).  In  the  remainder 


of  this  thesis,  U and  U are  Interpreted  as  corporate  utility 

1 2 

functions  that  reflect  the  trade  offs  between  shareholder  objec- 
tives and  managerial  objectives,  as  determined  by  the  corporate 
board  of  directors. 

The  interpretation  of  U in  (1)  in  terms  of  the  sources 

of  shareholder  and  managerial  satisfaction  is  straightforward. 

The  interpretation  of  U is  less  clear,  and  so  is  discussed 

2 

further  here.  As  stated  above,  it  is  assumed  that  managers 
derive  utility  from  the  growth  of  their  firm.  Given  any 
initial  size  of  the  capital  stock,  K(0),  and  the  terminal 
size  of  the  capital  stock, K(T),  the  average  compound  rate 
of  growth  (per  period),  g,  of  the  firm  is  given  by 

t - logTtf®]-  1 

61 

where  logj  denotes  the  logarithm  to  the  base  T.  Since 
K(0)  is  fixed,  by  assumption,  and  since  logip  is  a monotonlcally 
increasing  function  of  K(TyK(0),  any  preference  ordering  over 
K(T)  yields  a preference  ordering  over  the  average  growth 
rate  g.  Hence,  managers'  desires  for  growth  can  be  (and  here- 
after are  assumed  to  be)  embodied  in  U . In  addition,  the 

2 

terainal  capital  stock  is  also  a source  of  satisfaction  to 

shareholders.  If  the  firm's  shareholders  are  interested  in 

having  the  firm  remain  a functioning  enterprise  beyond  the 

planning  horizon,  then  they  will  associate  a positive  utility 

level  with  a nonzero  terminal  capital  stock.  It  is  assumed, 

then,  that  U embodies  both  managers'  desires  for  growth 
2 

and  shareholders'  desires  for  post-planning  horizon  dividends. 
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Before  concluding  this  subsection  at  least  some  mention 

should  be  made  of  the  objectives  of  the  firm  under  uncertainty 

and  as  to  how  (1)  will  have  to  be  modified  when  uncertainty 

is  peirmitted.  As  modeled  in  section  C of  this  chapter,  under 

uncertainty  R(t)  and  D(t)  in  (1)  become  random  variables. 

Therefore,  the  level  of  utility  (though  not  the  function  itself) 

U also  becomes  random.  It  is  generally  accepted  that  individuals, 
1 

62 

and  in  particular,  shareholders  and  managers,  are  risk  averse. 

If  it  is  assumed  that  U is  consistent  with  the  von  Neumann- 

1 

63 

Morgenstern  'postulates  of  rational  choice' , then  the  appropriate 
modification  of  (1)  is  the  following: 

/ E{  U (R(t),  D(t),  ll(t))}e“*‘^dt  + U (K(T))e‘’^'^  , (3) 

0 ‘ * 

where  E denotes  mathematical  expectation  (taken  over  possible 

states  of  the  firm's  environment)  and  the  tilde  over  R and 

D denotes  a random  variable.  Provided  U is  concave  in  R 

1 

and  0,  the  risk  aversion  of  shareholders  and  managers  will 

ft  A 

be  taken  into  account.  In  section  C of  this  chapter  the  model 
of  the  firm  will  be  formulated  under  the  assumption  that  the 
firm  seeks  to  maximize  (3)  subject  to  certain  constraints 
specified  in  that  section. 

In  concluding  this  subsection,  it  should  be  noted  that 
the  treatment  of  the  firm's  objectives  Just  described  shares 
something  in  common  with  the  traditional,  managerial,  and 
behavioral  views  of  the  firm.  Both  (1)  and  (3)  reflect  shareholder 
as  well  as  managerial  sources  of  satisfaction.  But  by  incorporating 
both  types  of  sources,  (1)  and  (3)  differ  from  the  traditional 
and  managerial  models  that  include  either  one  or  the  other 
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but  not  both.  The  advantage  of  (1)  and  (3)  is  that  trade  .i' 

offs  between  shareholder  and  managerial  sources  of  satisfaction 

can  be  explored.  In  addition,  the  inclusion  of  objectives 

of  both  shareholders  and  managers  is  suggestive  of  the  behavioral 

approach.  Where  (1)  and  (3)  differ  from  the  behavioral  approach 

is  in  first,  the  assumption  of  stable  (over  the  planning  period) 

functional  forms  I!  and  U , and  second,  the  assumption 

1 2 

of  maximizing  behavior  on  the  part  of  the  firm. 

2.  The  Model 

The  preceding  subsection  described  the  objective 
functional  (1)  of  the  certainty  model  to  be  formulated  in  this 
subsection.  To  complete  the  certainty  model  it  is  necessary 
to  specify  the  constraint  set,  the  decision  variables,  and 
exogenously  determined  variables. 

It  is  assumed  that  the  firm  uses  two  Inputs,  capital 
and  labor,  the  amounts  of  which  are  denoted  by  K(t)  and  L(t), 
respectively,  to  produce  a single  output,  the  amount  of  which 
is  denoted  by  Q(t).  The  technological  relationship  between 
the  amounts  of  the  inputs  applied  to  production  and  the  maximiun 
quantity  of  output  obtainable  is  embodied  in  the  firm's  production 
function, 


1 


Q(t)  - f(K(t),  L(t))  , 


(4) 


a 


which  is  assumed  to  have  a full  set  of  continuous  second  partial 
derivatives.^^  Both  product  and  factor  markets  ar^  assumed 
to  be  perfectly  competitive,  so  that  the  firm  takes  the  price 
of  output,  the  price  of  labor,  and  the  price  of  capital  goods, 
all  of  which  are  strictly  positive  at  each  time  t,  as  given. 
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These  prices  at  time  t are  denoted  by  p(t),  w(t),  and  q(t), 
respectively,  where  all  prices  are  expressed  in  terms  of  some 
arbitrarily  selected  numeraire  good. 

The  variable  K(t)  measures  the  firm's  physical  stock 
of  capital  at  time  t.  The  variable  I(t)  denotes  the  firm's 
gross  investment  at  time  t,  l.e.  the  rate  at  which  its  physical 
stock  of  capital  is  augmented  before  allowing  for  depreciation. 

It  is  assumed  that  physical  capital  wears  out  at  a constant 
percentage  rate  6,  so  that  net  investment,  the  net  rate  at 
which  the  firm's  physical  stock  of  capital  is  augmented, 
satisfies  the  identity 

K(t)  - I(t)  - 6*K(t)  , (5) 

where  the  dot  denotes  differentiation  with  respect  to  time. 

At  each  time  t the  firm  earns  sales  revenue  of  p(t)*Q(t) 
and  incurs  a cost  of  labor  of  w(t)*L(t).  In  addition,  the 
firm  pays  out  a sum  M(t)  for  managerial  emoluments.  These 
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are  payments  to  managers  in  excess  of  their  opportunity  cost . 

In  determining  the  firm's  net  Income,  allowance  must  also 

be  made  for  taxes  and  for  depreciation,  which  is  a noncash 

outlay  that  is  deductible  for  tax  purposes.  It  is  assiimed 

that  the  firm  pays  an  exogenously  determined  proportional  tax 

rate  x,  where  0 < x < 1,  and  that  the  depreciation  expense 
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is  figured  for  tax  purposes  on  a replacement  cost  basis. 

A typical  firm's  income  statement  constructed  under  the  above 

assumptions  is  shown  in  table  I I 1-1.  Net  income,  x(t),  is 
69 

equal  to 

ir(t)  - (l-T){p(t)*Q(t)  - w(t)*L(t)  - ll(t)  - q(t)*C  6*K(t)3  } . (6) 
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It  is  assvuned  that  the  firm  nmst  generate  sufficient  net  incone  - 
to  meet  some  exogenously  determined  minimum  required  net  income 
level,  That  is,  ir(t)  in  (6)  must  satisfy 

Tr(t)  > , (7) 

where  it  is  assumed  that  is  the  same  for  each  time  t.  The 

minimum  net  Income  level  is  assumed  to  be  determined  by 

financial  factors  that  in  this  chapter  are  subsumed  within 

the  model,  such  as  the  need  to  generate  sufficient  funds  to  pay  some 
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unspecified  minimum  level  of  dividends. 

It  should  be  noted  that  serves  as  a modeling  device 

that  is  intended  to  take  into  account  the  existence  of  financial 

factors  that  can  influence  the  firm's  behavior.  This  frequently 
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used  device  has  the  limitation  that  it  obscures  the  separate 
influences  of  individual  financial  factors,  as  well  as  their 
interaction.  While  such  a modeling  device  is,  in  the  opinion 
of  this  writer,  adequate  for  building  a model  that  is  intended 
to  demonstrate  the  systematic  variation  in  the  behavior  of  the 
firm  in  response  to  changes  in  its  operating  environment  (i.e. 
the  business  cycle),  its  shortcomings  become  apparent  when 
an  attempt  is  made  to  model  the  interaction  between  the  firm's 
operating  decisions  and  these  financial  factors.  For  this  reason, 
the  next  chapter  modifies  the  model  developed  in  this  chapter 
to  permit  the  firm's  financial  decisions  to  be  examined  more 
closely. 

Through  its  operations  the  firm  generates  cash,  which 
it  uses  to  pay  dividends  and  to  add  to  its  capital  stock. 
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m' 


Since  depreciation  is  a noncash  expense,  total  cash  generated 
is  equal  to  net  Income  plus  the  amount  of  depreciation  expense, 
if(t)  + q(t)»[  6*K(t)]  . Since  under  complete  certainty  (including 
certainty  with  regard  to  the  timing  and  size  of  all  future 
transactions)  the  firm  would  have  no  use  for  cash  other  than 
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what  was  used  to  pay  dividends  or  to  purchase  capital  goods, 
the  following  identity  between  sources  of  cash  and  uses  of 
cash  must  always  be  satisfied: 


Tr(t)  + q(t)-  [6*K(t)  ] » D(t)  + q(t)*I(t) 


The  derivation  of  this  identity  is  illustrated  in  table  I I 1-2. 
The  identity  (8)  can  be  reexpressed  to  yield  the  following 
expression  for  total  dividends  paid  at  time  t: 


D(t)  - Tr(t)  - q(t)'[I(t)  - 6-K(t)  ] . (9) 

Note  that  D(t)  in  (9)  is  dependent  on  the  tax  rate  since 
Tr(t)  is  net  of  tax.  Note  that  when  M(t)  » 0 and  x - 0 (9) 
simplifies  to  Jorgenson's  expression  for  net  cash  flow  (equation 
(269)  in  chapter  two). 

Collecting  (1),  (4),  (5),  (6),  (7),  and  (9),  the  model 
of  the  firm  is  expressed  as  the  following  optimal  control 
problem: 
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( 


T 

maximize  U (R(t)  ,D(t ) ,M(t)  )e"^^dt  +U  (K(T))e"^'^ 

{L(t).I(t).M(t)}  ‘ * 

subject  to  Q(t)  ■ f(K(t),L(t))  , 0 £ t £ T 

k(t)  - I(t)  - 6*K(t)  , 0 < t < T , K(0)  given 

(10) 

7r(t)  » (1-T){p(t)-Q(t)  - w(t)*L(t)  - M(t) 

- q(t)-[6-K(t)]}  ^ tTq  , 0 < t < T 
D(t)  = iT(t)  - q(t)*[I(t)  - 6-K(t)]  , 0 < t < T 
L(t)  , K(t),  Q(t),  M(t)  >0  , 0 < t < T 

where  K(0)  is  the  firm's  initial  capital  stock,  which  is  assumed 
given.  In  words,  the  optimal  control  problem  (10)  states 
that  the  objective  of  the  firm  is  to  select  the  time  paths 
of  labor,  L(t),  investment,  I(t),  and  managerial  emoluments, 

M(t),  that  maximize  discounted  collective  utility  over  the 
( time  period  extending  to  the  firm's  planning  horizon  T,  subject 

to  a technological  constraint,  a net  investment  constraint 
(identity),  a minimum  profitability  constraint,  and  a dividend 
payout  constraint  (Identity). 

The  important  role  that  profits  play  in  the  model  (10) 
should  be  noted.  Net  Income  is  constrained  to  satisfy  some 
exogenously  determined  minimum  level  Yet,  beyond  this 

minimum,  additional  profits  contribute  to  collective  utility 
by  permitting  the  firm  to  pay  additional  dividends.  In  other 
words,  the  relationship  between  profits  and  the  sources  of 
managerial  utility  is  not  lexicographic  - as  was  the  case  in 
the  managerial  models  discussed  in  section  G of  chapter  two  - 

but  rather,  there  is  a smooth  trade  off  between  profits  and 

(73 

the  managerial  objectives  that  is  implied  in  the  form  of 

the  objective  functional  in  (10). 


Table  I I 1-2  Typical  Finn's  Sources  and  Uses 
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The  next  subsection  explores  the  implications  of  the 


model  (10)  for  the  behavior  of  the  firm  under  certainty. 

3.  The  Finn's  Optimal  Operating  Policies  under  Certainty 

The  implications  of  the  model  of  the  firm  (10)  formulated 
in  the  previous  subsection  can  be  explored  with  the  aid  of 
Pontryagin's  maximum  principle.  First,  use  the  first  and 
fourth  constraints  in  (1)  to  reformulate  the  model  as  the  following 
optimal  control  problem: 

T 

maximize  U [p(t ) • f (K(t ) ,L(t ) ) ; (l-T){p(t)*f(K(t).L(t)) 

{L(t).I(t),M(t)}  ^ ^ ^ 

- w(t)*L(t)  - M(t)}  + T*q(t)*[6*K(t)]  - q(t)«I(t): 

M(t)]  e'^^dt  + U (K(T))e*^'^ 

2 

(11) 

subject  to  k(t)  = I(t)  - 6*K(t)  , 0 < t < T , K(0)  given 

(1  - T){p(t)*f(K(t),  L(t))  - w(t)*L(t)  - M(t) 
-q(t)*[6-K(t)]}  > tTq  , 0 < t < T 
L(t),  K(t),  M(t)  >0  , 0 < t < T 

The  Hamiltonian  for  the  optimal  control  problem  (11)  is 

H[K,  L,  I,  M,  A,  t]  - U [ ] e"^^  A(t)[l(t)  - 6*K(t)]  , (12) 

where  L*  [ ] stands  for  the  function  U in  the  objective 

i » 

functional  of  problem  (11)  and  where  the  argiunent  t of  the 
functions  K,  L,  I,  M,  and  A has  been  omitted  for  notatlonal 
convenience.  In  (12)  A denotes  the  costate  variable.  At 
each  time  t,  0 < t ^ T,  the  value  of  the  costate  variable  A(t) 
measures  the  shadow  price  of  capital  in  terms  of  the  discounted 
value  of  collective  utility. 
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The  Hamiltonian  (12)  for  each  time  t represents  the 
Slim  of  the  discounted  collective  utility  of  revenue  earned 
and  dividends  and  managerial  emoliiments  received  at  time  t, 

U [ ]e”**^,  and  the  discounted  collective  utility  of  an  increase 

in  the  capital  stock  at  time  t,  X(t)[I(t)  - 6*K(t)]  . As  in 
section  L of  chapter  two,  the  Hamiltonian  embodies  the  inter- 
temporal trade  off  that  confronts  the  firm  at  each  time  t. 
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The  firm  can  increase  revenue,  dividends,  and  managerial 
emoluments  and  thereby  reach  a higher  level  of  current  utility, 
or  it  can  accept  lower  revenue  and  pay  lower  dividends  and 
managerial  emoluments  in  order  to  be  able  to  Increase  further 
the  size  of  the  capital  stock,  which  will  make  possible  higher 
revenue,  dividend  payments,  and  managerial  emoluments  in  future 
time  periods. 

In  the  model  of  the  firm  (11)  there  are  two  constraints 
on  the  firm’s  capital  stock  at  each  time  t that  require  special 
treatment.  The  nonnegativity  constraint  on  capital  at  each 
time  t and  the  constraint  on  profits  at  each  time  t constrain 
the  values  that  may  be  assumed  by  the  state  variable  K(t) 
in  the  optimal  control  problem  formulation  of  the  model. 

However,  in  order  for  the  firm  to  remain  viable,  its  capital 
stock  must  be  strictly  positive  at  each  time  t.  Therefore, 
the  nonnegativity  constraint  on  K(t)  will  not  be  considered 
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here  explicitly,  although  it  is  noted  that  if  it  were  included. 


it  would  be  treated  in  the  same  manner  mathematically  as  the 

t 

minimum  profit  constraint.  Allowing  for  the  minimum  profit 


constraint  requires  that  a generalized  version  of  the  maximum 


principle  - analogous  to  the  extension  of  Lagrange  multipliers 
to  static  optimization  problems  containing  Inequality  constraints 


be  employed. 


For  this  purpose  define  the  "multiplier" 


I 

if 

y 

t 

i 


( 
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u^(t)  and  form  the  Lagrangian  (or  generalized  Hamiltonian) 


L^[K,  L,  I,  M.  X,  t]  - 

H[  K,  L,  I.  M.  X,  t]  + Wj(t)-[(l-T){p(t)*f(K(t),L(t)) 
- w(t)-L(t)  - M(t)  - q(t).[6-K(t)]}  - ir^]  . 


where  the  subscript  y of  the  Lagrangian  is  used  to  distinguish 

the  Lagrangian  from  the  time  path  of  labor,  L(t). 

In  order  that  the  time  paths  L*(t),  I*(t),  and  M*(t) 

provide  an  optimal  solution  to  problem  (11),  it  is  necessary 
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that  they  satisfy  the  following  conditions: 


{L*(t),  I*(t),  M*(t)}  maximize  H(K,  L,  I,  M,  X,  t) 
subject  to  the  minimum  net  Income  constraint 
and  the  nonnegativity  constraints  in  (11),  0 £ t £ T 
k(t)  - I*(t)  - 6*K(t),  0 < t < T,  K(0)  given 

X.(T, 


3K(T) 


Since  (15)  merely  repeats  the  net  Investment  constraint,  it 
only  needs  to  be  noted  that  its  presence  among  the  necessary 
co;iditions  requires  that  the  optimal  investment  time  path,  I(t)* 
satisfy  this  first  order  differential  equation  with  boundary 
condition.  The  two  remaining  necessary  conditions  do  require 
interpret at ion . 

The  necessary  condition  (14)  requires  that  the  time 
paths  L(t),  I(t),  and  M(t)  be  selected  so  as  to  balance  at 
each  time  t the  immediate  impact  on  collective  utility  and 
the  Impact  on  future  collective  utility  levels  of  a marginal 
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(13) 


(14) 

(15) 

(16) 
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change  in  the  value  of  each  of  these  policy  variables. 

It  is  noted  that  in  order  for  the  firm  to  remain  viable,  the 
amount  of  labor  used  will  be  strictly  positive  at  each  time 
t,  0 £ t £ T.  Hence,  the  possibility  that  L(t)  ■ 0 is  not 
economically  interesting,  and  the  nonnegativity  constraint  on 
L(t)  is  not  treated  explicitly  in  the  discussion  below.  However, 
the  possibility  that  M(t)  * 0,  which  would  result  if  the  firm 
were  to  behave  like  a short  run  profit  maximizer,  is  economically 
interesting,  and  hence,  is  considered  explicitly  in  the  discussion 
below. 

To  begin,  define  the  Lagrange  multiplier  and  modify 

the  Lagrangian  (13)  to  take  into  account  the  nonnegativity 
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constraint,  M(t)  > 0.  This  gives 


L,  ^ « H(K,  L,  I,  M,  X,  t)  y [ (l-T){p(t)-f  (K(t) , L(t)) 

U.  t i"- 

- w(t)-L(t)  - M(t)  - q(t)»[6.I(t)])  - ir^]  ♦Pa[ll(t)] 


(17) 


where  a problem  of  the  type  (17)  must  be  solved  for  each  time 

t in  order  to  satisfy  necessary  condition  (14)  and  where 

it  is  understood  that,  since  H is  expressed  in  terms  of  a 

present  value,  p,  and  p contain  implicitly  discount  factors 

of  the  form  in  order  that  L,  be  expressed  in  the  same 

P,  V 

units  as  H. 

The  Kuhn-Tucker  conditions  necessary  for  an  optimal 
solution  to  (14)  are  the  following: 
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To  Interpret  the  necessary  conditions  (18)  - (22),  four  cases 
are  considered  below,  depending  on  whether  p and  p are  zero 


or  positive.  To  ease  the  exposition,  it  is  noted  that  and 

p do  not  appear  in  (19).  Hence,  (19)  must  be  satisfied  in 
2 

each  of  the  four  cases.  Condition  (19)  requires  that,  in  order 


for  the  firm  to  be  in  equilibrium,  the  following  condition 


must  be  satisfied  at  each  point  in  time 


(3U  /3D)e 


The  costate  variable  A(t)  is  interpreted  as  the  shadow  price 
of  physical  capital,  expressed  in  terms  of  discounted  collective 
utility.  The  ratio  A(t )/( 30)0“*^^  can  be  interpreted  as 
the  firm's  (internal)  marginal  rate  of  substitution  between 
physical  capital  and  dividends.  The  right-hand  side  of  (23) 
is  the  price  of  capital  goods,  which  is  also  the  market-determined 


(i.e.  external)  rate  at  which  capital  goods  and  dividends  can 
be  traded  off.  According  to  (23)  the  firm  should  continue 
to  invest  in  physical  capital  (i.e.  purchase  capital  goods) 
up  to  the  point  at  which  its  marginal  rate  of  substitution 
between  physical  capital  and  dividends  Just  equals  the  price 
of  capital  goods  - at  which  point  the  internal  and  external 
trade  offs  between  physical  capital  and  dividends  will  be  equated. 
It  should  be  noted  that  (23)  is  analogous  to  equation  (277) 
of  chapter  two  that  arose  out  of  the  Jorgenson  model , with 
the  difference  being  that  values  are  measured  in  (23)  in  terms 
of  discounted  collective  utility,  while  in  (277)  of  chapter 
two  they  are  measured  in  terms  of  the  stock  market  value  of 
the  firm  (i.e.  discounted  cash  flow). 

The  four  cases  are  the  following: 
case  (i): 

In  this  case  neither  the  minimum  profit  constraint 
nor  the  managerial  emoluments  nonnegativity  constraint  are 
necessarily  binding  at  optimality.  Conditions  (18)  and  (20) 
simplify  to  the  following: 

af 

3U  3U 

- ^ ° • ^25) 

If  it  is  assumed  that  the  firm  can  never  be  satiated  with 

respect  to  revenue,  dividends,  or  managerial  emoluments,  then 
3U  3U  3U 

> 0 , > 0 , and  > 0 . Since  p and  w are  both 


positive  and  since  0 < t < 1 , condition  (24)  can  be  satisfied 
only  if 

0 < P*'!^  ^ * • (26) 

As  was  pointed  out  in  section  B of  chapter  two,  a short  run 
profit  maximizer  would  continue  to  hire  labor  up  to  the  point 
at  which  the  marginal  revenue  product  of  the  last  unit  employed 
Just  equals  its  wage.  As  in  the  case  of  Baiunol's  sales  maximizer, 
the  firm  modeled  in  (11)  will,  according  to  (26),  continue 
to  hire  labor  beyond  this  point,  so  that  if  in  equilibrium 
V ^ ~ 0 , then  the  wage  rate  will  exceed  the  marginal  revenue 

product  of  labor.  This  implies  that  the  firm  modeled  in  (11), 
like  the  Baumol  sales  maximizer  of  subsection  1 of  section  G 
in  chapter  two,  will  produce  more  output  and  earn  greater  sales 
revenue  than  a short  run  profit  maximizer.  Another  way  to 
see  this  same  result  is  to  convert  (26),  which  characterizes 
equilibriiun  in  terms  of  the  market  for  labor,  into  the  equivalent 
expression  that  characterizes  equilibrium  in  terms  of  the  product 
market , 

P ^ Tf^  ' 

which  is  Interpreted  to  mean  that,  when  the  firm  is  in  equilibrium, 

marginal  cost,  , exceeds  price  (=  marginal  revenue  under 

perfect  competition).  Since  in  equilibrium  the  marginal  returns 

an 

to  labor  will  be  diminishing,  (27)  implies  that  the  firm 
modeled  in  (11)  will  produce  more  output  than  a short  run 
profit  maximizer. 
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Both  (26)  and  (27)  continue  to  hold  in  caees  (11)  •>  (Iv) 


discussed  below.  For  this  reason,  the  Important  results 


(26)  and  (27)  are  stated  as  the  following  lemma. 
Lemma  lll-l 

When  the  firm  modeled  In  (11)  Is  In  equilibrium, 
0 < p*^^/3L  < w , or  equivalently,  p < 


TTTSL 


Q*  > Qp  . 

where  Q*  Is  the  equilibrium  output  level  for  the  firm  In  (11) 
and  Op  Is  the  equilibrium  output  level  for  the  short  run  profit 
maximizer. 

Condition  (25)  Implies  that  If  In  equilibrium  ~ ^2  * ^ 
then  the  firm's  marginal  rate  of  substitution  between  dividends 
and  managerial  emoluments  must  equal  one  minus  the  tax  rate, 
or  In  symbols. 


3u7^  - (1  - t)  , 


(28) 


which  Is  similar  In  form  to  O.E.  Williamson's  equilibrium 
condition  for  the  optimal  amounts  of  discretionary  profit 
and  managerial  emoluments  (see  equation  (128)  of  chapter  two.) 
The  main  difference  between  (28)  and  Williamson's  result 
Is  that  (28)  reflects  a collective  utility  trade  off,  whereas 
Williamson's  result  reflects  a purely  managerial  trade  off. 

In  (28)  the  ratio  Interpreted  as  the  rate  at  which 

the  board  of  directors  perceives  that  managerial  emoluments 
and  dividends  can  be  traded  off  within  the  collective  utility 
function,  i.e.  It  is  a subjective  rate  of  trade  off,  whereas 


(1  - T)  represents  the  objective  rate  at  which  one  can  be 


traded  off  for  the  other  within  the  firm's  income  statement 


According  to  (28)  the  two  rates  of  trade  off  must  be  equal 


at  each  point  in  time  for  the  firm  to  be  in  equilibrium 


In  this  case  the  managerial  emoluments  nonnegativity 


constraint  is  necessarily  binding,  whereas  the  minimum  profit 
constraint  is  not  necessarily  binding,  at  optimality.  Condition 


(18)  simplifies  to  (24),  which  is  interpreted  in  case  (i) 


Since  u > 0 , it  follows  from  (22)  that  M •>  0 . That  is 


managerial  emoluments  are  zero.  It  follows  that 


According  to  (29)  the  Hamiltonian  is  a constrained  maximum 
with  respect  to  U.  Due  to  its  relatively  high  preference 
for  paying  dividends,  the  firm  would  like  to  reduce  managerial 
emoluments  (i.e.  cut  salaries)  further,  but  is  constrained 


from  doing  so  by  the  fact  that,  in  a perfectly  competitive 


market  for  executive  talent,  any  further  cut  in  salaries  (i.e.  M < 0) 


would  induce  managers  to  leave  the  firm.  Also  from  (20) 


since  M >0.  The  interpretation  of  (30)  is  that  the  marginal 


rate  of  substitution  between  dividends  and  managerial  emoluments 


is  less  than  (1  - t),  the  rate  at  which  they  can  be  traded  off 

Qi 

within  the  firm's  income  statement.  As  a result  of  (29) 


►- 


and  (30)  the  firm  eschews  paying  managerial  emoluments,  and 
instead,  pays  higher  dividends  (after  paying  the  increase 
in  taxes).  One  possible  explanation  for  this  result  is  that 
the  board  of  directors  has  responded  to  shareholders'  demands 
for  higher  dividends  and  lower  managerial  salaries  by  raising 
dividends  at  the  expense  of  emoluments.  Another  possible 
explanation  is  that  the  firm  has  been  threatened  with  a takeover, 
and  that  top  management  has  responded  to  this  threat  to  its 
own  security  by  increasing  dividends  and  decreasing  managerial 
salaries  by  the  maximum  tolerable  amount  (in  the  sense  that 
the  new  salary  levels  will  not  cause  a mass  exodus  from  the 
ranks  of  management).  In  either  case,  the  implicit  ranking 
of  objectives  is  such  that  dividends  rank  ahead  of  managerial 
emoluments  at  the  margin, 
case  (ili):  > 0 , * 0 . 

In  this  case  the  minimum  profit  constraint  is  necessarily 
binding,  whereas  the  managerial  emoluments  nonnegativity  constraint 
is  not  necessarily  binding,  at  optimality.  Condition  (18) 
can  be  reexpressed  as 


3U 

I 

3R 


3f 

p-n: 


--rt 


3f 


(1  - ■r)(p-5T:  “ 


3U 

1 

5d" 


(31) 


Since  all  terms  in  (31)  must  be  positive,  with  the  possible 
exception  of  (P*"^  - »)•  it  follows  that,  in  order  for  (31) 
to  be  satisfied,  condition  (26),  and  by  Implication,  condition 
(27),  must  hold.  As  in  cases  (1)  and  (ii),  the  firm  produces 
more  output  and  earns  greater  sales  revenue  than  a short  run 
profit  maximizer  would.  The  difference  between  cases  (i) 
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(or  (11))  and  (111)  Is  that  the  minimum  profit  constraint  Is 


binding  In  the  latter.  From  (18),  u >0  and  p 


Imply  that 


According  to  (32)  the  Hamiltonian  Is  a constrained  maximum 


with  respect  to  L.  The  firm  could  reach  a higher  level  of  discounted 


utility  If  It  could  Increase  Its  use  of  labor  (and  thereby 


Increase  Its  sales  revenue).  But,  as  In  the  Baumol  sales 


this  would  necessitate  lower  profits 


maximization  model 


w < 0 and  since,  under  diminishing  returns 


Is  falling),  which  would  violate  the  minimum  profit  constraint 


The  Implication  of  (32)  Is  that  the  profit  constraint  restricts 


the  firm's  choice  of  output  level 


In  this  section,  whether  or  not  the  mlnlmiim  profit  constraint 


Is  binding  has  other  Important  policy  Implications  as  well 


Turning  next  to  condition  (20),  since  u >0  and 


0 < T < 1,  It  follows  from  (20)  that 


According  to  (33)  the  Hamiltonian  Is  a constrained  maximum 
with  respect  to  11,  In  this  case  because  attempts  to  pay  higher 
managerial  emoluments  would  cause  the  minimum  profit  constraint 
to  be  violated.  Thus,  In  this  case  .there  exists  an  Implicit 

Va 

ranking  of  objectives  at  the  margin  according  to  which  profits 
(and  thereby  dividends)  rank  ahead  of  both  managerial 


emoluments  and  total  revenue 


case  (iv):  p >0,y  >0. 


i ^ 

p In  this  case  both  the  minimum  profit  constraint  and 

the  managerial  emoluments  nonnegativity  constraint  are  necessarily 

binding  at  optimality.  Condition  (18)  can  be  reexpressed  as 

(31),  which  leads  to  (32).  As  in  case  (iii),  0 < P*|^  < w 

and  also  the  Hamiltonian  is  a constrained  maximum  with  respect 

to  L (the  interpretation  of  which  was  given  under  case  (ill)). 

Condition  (20),  however,  is  more  difficult  to  Interpret  than 

in  cases  (i)  - (iii)  since  both  p >0  and  p > 0 . Since 

1 2 

0 < T < 1 , it  follows  from  (20)  that 


|^{|■}0  depending  on  ^{7)(1  - t)  , (34) 

dH 

where  is  given  in  (29)  and  (33)  and  where  the  sign  of 

in  (34)  depends  on  the  relative  values  of  the  ratio  of 

implicit  prices, p /p  , which  is  determined  internally,  and 

2 1 

one  minus  the  tax  rate,  1 - t , which  is  determined  externally. 

3H 

Therefore,  the  sign  of  -pi  is  determined  by  the  relationship 
between  the  implicit  Internal  trade  off  between  net  income 

u, 

and  managerial  emolximents,  as  measured  at  the  margin  by  , 
and  the  externally  imposed  trade  off  between  these  variables, 

M an 

as  measured  by  1-t  . If'jj^<  (1-t)  in  (34),  then  > 0 

as  in  case  (ill),  and  the  firm  could  Increase  the  discounted 

value  of  collective  utility  by  increasing  emoluments,  though 

at  the  cost  of  violating  the  mlnlmxim  profit  constraint.  If 
P an 

^ > (1-T)  in  (34),  then  |^  < 0 as  in  case  (ii),  and  the 
firm  could  Increase  the  discounted  value  of  collective  utility 
if  it  were  able  to  pay  negative  managerial  emoluments  (i.e.  lower 
managerial  salaries).  Since  both  constraints  are  binding, 
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I 

i 
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c 


3 H 

the  firm  Is  unable  to  alter  M,  regardless  of  the  sign  of  . 

Note  that,  as  in  cases  (11)  and  (ill),  at  optimality  there  exists 
an  implicit  ranking  of  objectives  at  the  margin  according 
to  which  dividends  rank  ahead  of  managerial  emoluments,  and 
further,  as  in  case  (Hi),  there  exists  an  implicit  ranking 
of  objectives  at  the  margin  according  to  which  dividends  rank 
ahead  of  revenue. 

In  the  above  four  cases  reference  was  made  to  implicit 
rankings  of  objectives  at  the  margin  when  the  firm  is  in 
equilibrium.  These  results  are  summarized  and  proved  as  the 
following  theorem: 

Theorem  III-l 

If  the  individual  firm  modeled  in  (11)  is  in  multiperiod 
equilibrium,  then  at  each  time  t,  0 £ t £ T , at  which  the 
inequality 


1 


holds  the  firm  will  prefer: 


(35) 


(a)  a marginal  increase  in  dividends  (net  income)  to  a marginal 
increase  in  managerial  emoluments; 

(b)  a marginal  increase  in  dividends  (net  income)  to  a marginal 


increase  in  total  sales  revenue 


(c)  a marginal  increase  in  managerial  emoluments  to  a marginal 


increase  in  total  sales  revenue 


where  relative  preferences  are  determined  ordinal ly  according 
to  the  relative  marginal  utilities  of  total  sales  revenue, 
dividends,  and  managerial  emoluments. 
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Remark  1 


3 f 

Since  0 < P'Ti;  w in  each  of  the  four  cases,  it  follows 


that 


(p-ft  - ») 

p-ll 


> 0 . 


(36) 


The  ratio  on  the  left-hand  side  of  (35)  and  (36)  is  interpreted 
as  follows.  The  denominator  is  interpreted  as  the  marginal 
revenue  product  of  labor.  The  difference  between  the  marginal 
revenue  product  and  the  wage  (i.e.  the  marginal  cost  of  labor) 
is  interpreted  as  labor's  marginal  contribution  to  pretax  income. 
The  ratio  on  the  left-hand  side  of  (35)  and  (36)  is  interpreted 
as  the  negative  of  the  ratio  of  labor's  marginal  contribution 
to  pretax  income  to  labor's  marginal  revenue  product.  Accordingly, 
inequality  (35)  can  be  interpreted  as  requiring  that,  when 
the  firm  is  in  equilibrium,  the  marginal  decrement  to  pretax 
income  resiilting  from  the  application  of  an  additional  unit 
of  labor  not  exceed  in  absolute  value  the  marginal  revenue 
product  of  labor. 

Remark  2 


In  the  unconstrained  case,  the  relative  preferences 

3U.  3U. 

are  reflected  in  the  pure  marginal  utilities,  , 

and  5ir"  ■ However,  when  the  minimiun  profit  constraint  is 
binding,  additional  net  income  that  is  used  to  pay  dividends 
also  ckuses  the  constraint  to  become  nonbinding.  Hence,  when 


this  constraint  Is  binding  a marginal  increase  in  net  income 

has  a direct  Impact  on  the  utility  derived  from  dividends, 

3 V 

, and  an  indirect  impact  in  terms  of  rendering  the  constraint 
nonbinding.  Since  this  latter  effect  in  the  current  period 


I*  t 8 5 

is  measured  by  w e , when  the  minimum  profit  constraint 

* 3 U rt 

is  bindjing  the  adjusted  marginal  utility  ^ ® must 

be  used.  Similarly,  when  the  nonnegativity  constraint  on 

managerial  emoluments  is  binding,  the  appropriate  measure 

3U 

of  marginal  utility  is  the  adjusted  one,  + y^e 

Proof  of  Theorem  III-l 

The  proof  proceeds  by  reconsidering  the  four  cases. 
3U  3U  3U 

case  (i):  From  (25),  * (1-t)  . so  that  (a) 

3U  - (P*|^  - w)  3U  3U 

is  satisfied.  From  (24),  = yr (1-t) 

so  that  (b)  is  satisfied.  Using  (25)  to  substitute  for 


3 U,  3 li, 

•y^(l-T)  in  (24)  yields  yg- 


- (p»  ^ - w)  3 U 3 U 

-■  -55"  • 

P 


V w W w W ^ gg 

so  that  (c)  is  satisfied.  Hence,  < yjp  < y^  . 

aU  3U  3U 

case  (ii):  From  (30),  yjp  + y^e**  < (1-t)  y^  < , 

so  that  (a)  is  satisfied.  Since  (18)  simplifies  to  (24), 
3 U 3U 

< yijl-  follows  as  in  case  (i),  and  (b)  is  satisfied. 

3 

Using  (30)  to  substitute  for  715^(1-^)  (24)  yields 


3 U 


- (P'TT  - w)  _ 


' 3L 
„ 3f 

P'lL 


^ ^2®  . so  that 


3 U 3 U 3 U 

(c)  is  satisfied.  Hence, 

3M^  * ^2® 


3U  - (p*5T  — w) 

case  (ill):  From  (31),  " m y]5^  ♦ y^e  ] 

P'SL 

3 U 

< yjjl-  + y e**^,  so  that  (b)  is  satisfied.  From  (20), 
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(1-T)[ 


, 80  that  (a) 
3U. 


is  satisfied.  Using  (20)  to  substitute  for  (l-x)  [ 


3U.  -(P*  5T  “ 3U  3U 

in  (31)  yields  -gpg-  - 5T~  ' 7m  TM  , so  that 

P * 3L 


3U  3U 

(c)  is  satisfied.  Hence,  < 


ID  * P,® 


case  (iv):  As  in  case  (iii),  (31)  holds  so  that  (b;  is  satisfied. 

-t  . 3U 

From  (20),  ^ + y^e  - (1-t  ) [ ^ + y < -^  + y^e  , 

3U  ^ 

so  that  (a)  is  satisfied.  Substituting  for  (l-x)  C + y^e  ] 


3U,  - (P-|f  - w)  3U,  _ 3U, 

in  (31)  yields  ^ % ^ + y^e^" 

P*3L 


3U,  3U  3U  j 

Hence,  ^ "gO  ^i® 


Q.E.D. 


In  view  of  the  fact  that  3u  is  ordinal  in  nature, 

3D  3U  * 3U 

the  marginal  utilities  , and  could  not  be 

observed  directly.  However,  marginal  rates  of  substitution, 

such  as  the  marginal  rate  of  substitution  between  dividends 

3U  /2D 

and  managerial  emoluments^  gtj*  • which  measure  the  rate 

i 

at  which  measurable  quantities  are  traded  off,  are,  in  theory 


at  least,  observable. 


Hence,  theorem  III-l  could  be  restated 


equivalently  in  terms  of  observable  rates  of  trade  off: 

(a)  the  marginal  rate  of  substitution  between  dividends  and 

total  sales  revenue  exceeds  the  marginal  rate  of  substitution 

a 

between  managerial  emoluments  and  total  sales  revenue 


(l.e. 


3U  /3D  + y e' 
1 . 

3U  /3R 

X 


3U  /31I  + y e^ 

ll , JL— 

3U  /3R 
1 
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(b)  the  marginal  rate  of  substitution  between  dividends  and 


I 


t 

i 

L 


f- 


managerial  emoluments  exceeds  the  marginal  rate  of  substitution 

between  total  sales  revenue  and  managerial  emoluments 

3U  /3D  + u e**^  3U  /3R 

3U  /3M  + y e^^  3U  /3M  + y e^^ 

1 2 1 2 

(c)  the  marginal  rate  of  substitution  between  managerial 
emoluments  and  dividends  exceeds  the  marginal  rate  of 
substitution  between  total  sales  revenue  and  dividends 
3U  /3M  + y e^*  /3r 

^ i , 0 ^ ^ ^ ^ ^ ^ 

3U  /3D  + y e^*  3U  /3D  + y e^^ 

1 1 1 1 

Similarly,  the  four  corollaries  and  theorem  I I 1-2  stated  below 
can  also  be  restated  equivalently  in  terms  of  marginal  rates 
of  substitution. 

By  following  the  proof  of  theorem  III-l,  and  reversing 
the  appropriate  inequalities,  the  following  corollaries  are 
easily  proved: 

Corollary  III-l-l 

If  the  individual  firm  modeled  in  (11)  is  in  multiperiod 
equilibrium,  then  at  each  time  t,  0 < t 5 T,  at  which  the 
inequality 


- (P'Il  - •) 


1 


holds  the  firm  will  exhibit  marginal  preferences  (a)  and  (b) 
stated  in  theorem  III-l,  but  marginal  preference  (c)  will 
be  reversed. 
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Theorem  I I 1-2 


When  the  individual  firm  modeled  in  (11)  is  in  multiperiod 


equilibrium,  the  firm  will  always  prefer  a marginal  increase 
in  dividends  (net  income)  to  a marginal  increase  in  managerial 
emoluments.  Denote  by  x ^ y the  preference  relation  'y  is 
preferred  to  x'  and  by  x ^ y the  Indifference  relation,  and 


let  R,  D,  and  M denote  a marginal  Increase  in  total  sales 


revenue,  dividends,  and  managerial  emoluments,  respectively 


Then  at  each  time  t the  firm  in  equilibrium  will  exhibit  one 


of  the  following  five  hierarchies  of  objectives  at  the  margin 


depending  on  the  relative  value  of  labor's  marginal  decrement 


to  pretax  income  (-  (p 


Hierarchy  (i)  is  a restatement  of  theorem  III-l 


Similarly,  hierarchies  (il)  - (v)  are  restatements  of  corollary 


I I 1-1-3,  corollary  III-l-l,  corollary  I I 1-1-4,  and  corollary 


III-1-2,  respectively.  This  proves  the  second  part  of  the 
theorem.  The  first  part  follows  since  11  -S  D in  each  of  the 


five  cases 


Both  parts  of  theorem  II1-2  reflect  the  important  role 
played  by  corporate  taxes  in  the  model  (11).  In  particular, 


managerial  emoluments  are  a tax  deductible  expense,  whereas 
dividends  are  paid  out  of  net  income.  Thus,  a dollar  decrease 
in  the  amount  of  managerial  emoluments,  which  increases  pretax 
income  by  one  dollar,  permits  an  increase  of  only  (1  - t) 
dollars  in  dividends,  with  the  remaining  t dollars  being  paid 
in  taxes.  Thus,  the  existence  of  corporate  taxes  modifies 
the  rate  at  which  dividends  and  managerial  emoluments  can  be 
traded  off  within  the  firm's  income  statement.  This  modification 
takes  the  form  of  a bias  in  favor  of  (tax  deductible)  managerial 


emoluments.  Therefore,  when  the  firm  is  in  equilibrium,  a 

marginal  increase  in  dividends  will  be  preferred  to  a marginal 

increase  in  managerial  emoluments,  though  the  existence  of  a 

positive  corporate  tax  rate  will  inhibit  the  firm  from  paying 

higher  dividends  in  line  with  this  relative  preference. 

To  interpret  the  second  part  of  theorem  I I 1-2,  first 

note  that  P*^  can  be  interpreted  as  Imbor's  marginal  revenue 

3 f 

product;  that  - «)  can  be  interpreted  as  labor's  marginal 

89  3 1 

decrement  to  pretax  Income;  and  that  (1  - 'r)(P*'5^  “ *) 

90 

can  be  interpreted  as  labor's  marginal  decrement  to  net  income. 

In  (i)  - (iii)  in  theorem  III-2  the  direction  of  the  preference 

relation  between  R and  11  is  deterained  by  the  relationship 

3f 

between  labor's  marginal  revenue  product,  P*j|]j  > which  determines 
how  increasing  the  labor  input  will  affect  total  sales  revenue, 
and  the  absolute  value  of  labor's  marginal  decrement  to  pretax 
income,  - (P*ff  - *)  • wblch  determines  how  increasing  the 
labor  input  will  force  managerial  emoluments  to  decrease  in 
order  to  keep  dividends  constant.  With  a nonzero  wage  rate. 
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emoluments  within  the  firm's  income  statement  may  be  greater 

than,  less  than,  or  equal  to  one,  which  gives  rise  to  the  three 

possible  preference  relations  between  R and  M stated  in  theorem 

I I 1-2.  So,  for  example,  if  the  behavior  of  the  marginal  revenue 

3f  3f 

product  of  labor  is  such  that  - (P**2l  - w)  < P*-g^  holds  in 
91 

equilibrium,  then  an  increase  in  the  labor  input  would  lead 

to  an  Increase  in  total  sales  revenue  that  exceeds  in  absolute 

value  the  corresponding  decrement  to  managerial  emoluments. 

3U  dU 

As  a result,  > gg-*  (in  the  unconstrained  case  at  least), 

but  the  firm  cannot  decrease  revenue  and  Increase  managerial 
emoluments  because  of  the  asymmetrical  effect  these  changes 
would  have  on  the  fiimi's  income  statement. 

In  (lii)  - (v)  in  theorem  III-2  the  direction  of  the 
preference  relation  between  R and  D is  determined  by  the  relation- 
ship between  the  absolute  value  of  labor's  marginal  decrement 
to  net  Income,  - (1  - t )(P*f^  ~ which  determines  how  increasing 

the  labor  input  will  affect  net  income  and  dividends,  and 

9 1 92 

labor's  marginal  revenue  product,  P’^g^  • With  a positive 
wage  rate  and  a positive  tax  rate,  total  sales  revenue  and 
dividends  cannot  be  traded  off  one-for-one  within  the  firm's 


income  statement.  The  actual  rate  of  trade  off  may  be  greater 
than,  less  than,  or  equal  to  one,  which  gives  rise  to  the 
three  possible  preference  relations  between  R and  D stated 
in  theorem  I I 1-2. 

The  foregoing  results  were  all  based  on  an  analysis 
of  the  implications  of  the  necessary  condition  (14)  for  the 
equilibrium  time  paths  for  labor,  investment,  and  managerial 
emoluments.  The  remainder  of  this  subsection  explores  the 
implications  of  necessary  condition  (16)  for  the  optimal  time 


path  of  the  firm's  capital  stock. 
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Necessary  condition  (16)  consists  of  a first  order  ^ • * 

differential  equation  with  boundary  condition.  The  latter 

requires  that  when  capital  grows  along  its  optimal  time  path 

the  value  of  the  costate  variable  at  the  planning  horizon 

must  equal  the  discounted  (to  the  present)  marginal  collective 

utility  of  the  terminal  capital  stock,  K(T).  As  long  as 
3 U (K(T)) 

— > 0 , the  firm  places  a positive  value  on  having 

nonzero  terminal  capital  stock,  and  in  equilibrium,  K(T)  > 0 . 

Note,  however,  that  if  U (K(T))  = 0 , then  in  equilibrium 

2 

A*(T)  > 0 and  A*(T)*K(T)  - 0 . Thus,  it  is  possible  <^hat 

along  its  equilibrium  time  path  the  capital  stock  would  approach 

zero  as  t T . That  is,  if  terminal  capital  stock  were  not 

a direct  source  of  utility,  the  firm  might  find  it  to  its 

advantage  to  exhaust  its  capital  stock  by  time  T.  By  assuming 

that  managers  value  growth  and  that  stockholders  value  an 

ongoing  enterprise,  this  possibility  has  been  ruled  out. 

To  characterize  the  solution  to  the  first  order  differential 

3L 

equation  in  (16),  first  evaluate  - , where  is  given  by 

(13).  This  yields 


af  af  -r-i- 

X - - ygii  - - [(  T*q*6]  )e 

- X6  U,*(l-T){p*||  - q*6}]  . 


(38) 


To  simplify  the  exposition,  the  case  in  which  the  minimum 
profit  constraint  is  not  binding  (i.e.y^  ■ 0)  is  considerc 
first.  Next,  solve  (19)  for  X(t)  and  differentiate  with 
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respect  to  t to  obtain 


Using  (19)  to  substitute  for  X and  (39)  to  substitute  for 
A in  (38)  yields,  after  simplifying  by  multiplying  through 


Rearranging  terms  yields 


Note  that  when  t > o the  expression  on  the  left-hand  side  of 


(40)  becomes  Jorgenson's  expression  for  the  firm's  cost  of 


capital.  Note  also  that  since  depreciation  is  a tax  deductible 
expense,  (1-T)6q  represents  the  cost  of  depreciation  figured  net 


of  tax.  Hence,  the  left-hand  side  of  (40),  which  below  is 


denoted  by  i,  represents  the  firm's  cost  of  capital  when  there 


are  taxes  and  when  depreciation  is  figured  on  a replacement 


cost  basis.  Note  further  that  on  the  right-hand 

side  of  (40)  represents  the  marginal  revenue  product  of 


capital,  once  again  figured  net  of  tax.  Hence,  the  traditional 


(l.e.  long  run  profit  maximizing  or  value  maximizing)  firm 


would  expand  its  capital  stock  up  to  the  point  at  which 


i.e.  up  to  the  point  at  which  the  marginal  revenue  product 
of  capital  (net  of  tax)  Just  equals  its  marginal  cost  (net 
of  tax).  But  since  p,  3U  /9R  , and  3Uy3D  are  positive  by 
assumption,  and  since  i > 0 (which  must  hold  in  general 
equilibrium,  unless  capital  is  a free  good)  implies,  by 
(40),  that  1^  > 0 , it  follows  from  (40)  that 


0<  p*|g(l-T)<  i . 


(42) 


According  to  (42)  the  firm  modeled  in  (11)  will  tend  to  employ 
'too  much'  capital  at  each  point  in  time  in  the  sense  that 
it  will  employ  more  capital  than  a short  run  profit  maximizing 
firm  would.  Just  how  much  more  capital  it  would  employ  than 
a traditional  firm  at  each  time  t depends  on  the  magnitude  of 


3U  /3R 
^3U  /3D  ^ 


(43) 


in  (40)  at  time  t.  Note  that 


111.  3R  + “ 1 311 

"Sr  JiT  3D  3it  tip  T? 


0 , and  since 


d R d II 

If  in  equilibrium  ^ ItT  “ TtT  " ® ’ ******  since 

3D  3U,  3U, 

(9)  gives  ■ 1 , it  follows  that  when  ■ 0 . 

The  ratio  (43)  can  be  interpreted  as  the  collective 

marginal  rate  of  substitution  between  total  sales  revenue  and 

net  income,  and  (43)  can  be  Interpreted  as  the  net  Income  equivalent 

(in  terms  of  collective  utility)  of  a marginal  change  in  sales 

revenue.  Hence,  the  right-hand  side  of  (40)  can  be  Interpreted 

as  the  adjusted  marginal  revenue  product  of  capital,  where 

the  adjustment  reflects  the  direct  contribution  of  a change 

in  total  sales  revenue  to  collective|Utlllty.  According  to 

(40)  the  firm  modeled  in  (11)  will  expand  its  capital  stock 
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at  each  time  t to  the  point  at  which  the  adjusted  marginal 
revenue  product  of  capital  Just  equals  the  marginal  cost  of 
capital . 

Together  (26)  and  (42)  imply  that  a firm  of  the  type 

modeled  in  (11)  would  tend  to  employ  too  much  (in  comparison 

to  a short  run  profit  maximizer)  of  both  inputs.  Moreover, 

it  is  easily  seen  from  (42)  that  if  the  Baumol-type  sales  maximizer 

were  placed  in  a multiperiod  setting  it  too  would  tend  to 

employ  too  much  capital  in  the  sense  described  above.  Note 

that  the  marginal  revenue  product  of  capital  could  equal 

the  marginal  cost  of  capital  for  a firm  of  either  the  Baumol 

sales  maximization  type  or  the  type  modeled  in  (11)  only 

if  the  firm  were  to  become  satiated  with  respect  to  total 

3U 

sales  revenue  beyond  some  point,  i.e.  only  if  • 0 beyond 

some  level  of  sales. 

Putting  together  (24)  and  (40)  enables  the  firm's 

97 

expansion  path  to  be  characterized, 


iii 

3K 


af/3K 

iVTL 


3U  /3R 

i/C  P(l-T)+p(  gy-ygp)  ] 

: 3U  /^R 

w/[p+(33r)p(  ^ 


JL.i 

1-T  W ' 


(44) 


which  agrees  with  Jorgenson's  characterization  of  the  traditional 

98 

firm's  expansion  path  when  t ■ 0 . Moreover,  it  follows 

3 f 

from  (41)  and  the  necessary  condition  P’-jij  ■ w for  the  traditional 
firm's  optimal  employment  of  labor  that  (44)  also  characterizes 
the  traditional  firm's  expansion  path  when  there  are  proportional 
profit  taxes.  Hence,  the  firm  modeled  in  (11)  has  the  same 
expansion  path  as  a traditional  flzm  when  its  mlnimvun  profit 


615 


f 


constraint  is  not  binding.  Even  though  the  firm  modeled  in  (11) 
exhibits  a preference  for  revenue  and  managerial  emoliunents, 
each  at  the  expense  of  profits,  it  still  selects  the  most  profit- 
able combination  of  input  levels  with  which  to  produce  each 
level  of  output,  provided  the  profit  constraint  is  not  binding. 

For  each  time  t at  which  the  minimum  profit  constraint 
is  binding,  the  firm's  expansion  path  will  deviate  from  that 
of  the  traditional  firm,  unless  the  condition  stated  in  the 
next  theorem  is  satisfied. 

Theorem  I I 1-3 

For  each  time  t,  0 < t < T , at  which  the  minimum  profit  constraint 
is  not  binding  when  the  firm  modeled  in  (11)  is  in  equilibrium, 
the  firm's  expansion  path  will  coincide  with  the  expansion 
path  of  the  traditional  firm.  For  each  time  t,  0 £ t £ T , 
at  which  the  profit  constraint  is  binding,  the  expansion  path 
of  the  firm  modeled  in  (11)  will  coincide  with  the  expansion 
path  of  the  traditional  firm  only  if  the  rate  of  discount  equals 
the  percentage  rate  of  increase  of  capital  goods  prices. 

Proof 

The  first  statement  in  the  theorem  was  proved  in  developing 
(44).  To  prove  the  second  part  of  the  theorem  it  is  necessary 
to  show  that  ^ when  r ■ ^^q  , where  r is  the  rate 

of  discount  and  q is  the  percentage  rate  of  increase  of  capital 
goods  prices. 


It  follows  from  (18)  that 


Combining  (38)  and  (39)  yields 


Dividing  (46)  by  (45)  gives 


OU  /3D)  + (l-T)(q6/i)  u e 


which  equals 


(1  - T)(q6/i)  = 1 


But  (48)  is  equivalent  to  (1  - x )q6  *i=rq+(l-  x )q6  - q 


which 


so  that  (48)  is  equivalent  to  rq  = q 


was  to  be  proved 


Theorem  III-3  may  seem  counterintuitive  since  along 
the  traditional  firm's  expansion  path  long  run  total  cost 
is  minimized  for  each  level  of  output.  If  the  profit  constraint 
were  binding,  then  surely  the  firm  could  reduce  costs,  and 
thereby  Increase  profits,  by  altering  its  input  mix  until 
it  attained  the  mix  that  lay  on  the  traditional  firm's  expansion 
path.  However,  as  theorem  I I 1-3  states,  this  is  not  the  case 
unless  r * *^^q  . The  apparent  contradiction  lies  in  the  crucial 
distinction  made  in  section  C of  chapter  one  between  profit 
in  the  economic  sense  - associated  with  which  is  the  notion 
of  economic  cost  that  underlies  the  expansion  path  - and  profit 


i0  the  accounting  sense  of  net  Income  - which  underlies  the 
minimum  (accounting)  profit  constraint  in  (11).  Theorem  III-3 
implies  that  when  the  constraint  on  accounting  profit  is  not 
binding,  it  is  optimal  for  the  firm  to  select  the  same  input 
mixes  as  a maximizer  of  economic  profit.  However,  when  the 
constraint  on  accounting  profit  is  binding,  the  firm's  interest 
shifts  from  the  overall  cost  of  capital  to  the  cost  of  depreciation, 
(1  -T)q6  , the  only  component  of  the  cost  of  capital  that  has 

an  immediate  impact  on  net  income,  and  this  will  cause  the 
firm's  input  mix  to  differ  from  that  of  a profit  (in  the  economic 
sense)  maximizer  - unless  r = , in  which  case  i = (1  -t  )q6 
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and  the  economic  and  accounting  costs  of  capital  are  the  same.  ’ 
This  subsection  has  described  the  formulation  of  the 
basic  model  under  certainty  and  has  examined  its  properties. 

The  next  subsection  presents  several  comparative  dynamics  results, 
which  indicate  the  sensitivity  of  the  optimal  trajectories  of 
the  firm's  operating  policy  variables  and  its  capital  stock 
to  changes  in  each  of  several  parameters.  In  the  following 
section  the  basic  model  is  extended  to  allow  for  uncertainty. 

4.  Comparative  Dynamics  and  Comparative  Statics  Results 

In  the  development  of  the  model  under  certainty  in 

the  previous  subsection,  the  following  eight  parameters  were 

treated  as  exogenously  determined  constants:  the  tax  rate  (t); 

the  minimum  net  income  level  (''^q);  the  discount  rate  (r); 

the  rate  of  depreciation  (6);  and  the  price  of  capital  goods  (q), 

« 

the  rate  of  change  of  capital  goods  prices  (q),  the  wage  rate  (w) 
and  the  price  of  output  (p)  at  each  time  t.  Note  that,  by 
implication,  the  firm's  cost  of  capital,  i=q[r+(l~  t)6  ] - q , 
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was  also  treated  as  exogenously  determined.  The  purpose  of 


this  subsection  is  to  determine  how  changes  in  these  parameters 


would  affect  the  firm's  behavior  at  each  point  in  time  (i.e 


comparative  statics)  and  the  time  paths  of  labor,  Investment 


managerial  emoluments,  and  the  capital  stock  (i.e.  comparative 


dynamics).  Rather  than  let  i vary  directly,  it  will  prove 


more  instructive  to  vary  t,  r,  6,  q,  and  q separately 


Two  different  effects  of  a change  in  the  tax 


equilibrium  time  paths  of  dividends,  total  revenue,  and  managerial 
emoluments.  The  second  is  its  effect  on  the  firm's  optimal 


input  mix  at  each  point  in  time,  and  by  implication,  the  time 
paths  of  labor  and  capital. 


From  (18) 


If  the  minimum  profit  constraint  is  not  binding,  then  y * 0 . 

O * 

If  the  tax  rate  increases,  the  firm  finds  itself  out  of  equilibrium 


To  restore  equilibrium  the  firm  will  expand  output  and  hence 


total  revenue  and  its  use  of  labor,  since  this  will,  under 


the  assumptions  of  diminishing  returns  and  diminishing  marginal 


to  fall 


utility,  cause 


80  that  expanding  output  causes 


and  net  income  to  fall.  If  dividends  are  cut,  then  under  the  « 

du 

assumption  of  diminishing  marginal  utility,  increases. 

This  continues  - with  total  revenue  rising  relative  to  total 

dividends  - until  equilibrium,  i.e.  equality  in  (50),  is  restored. 

Similarly,  it  can  be  shown  using  (20)  that  when  the  profit 

constraint  is  not  binding,  a rise  in  the  tax  rate  will  tend 

to  cause  managerial  emoliiments  to  rise  relative  to  dividends. 

Moreover,  these  effects  are  reversed  when  the  tax  rate  decreases. 

Putting  (18)  and  (20)  together,  a change  in  the  tax  rate  will 

not  affect  the  relative  mix  of  revenue  and  managerial  emoliunents. 

When  the  profit  constraint  is  binding,  however, 

the  effect  of  a tax  change  in  either  direction  may  be  reversed. 

If  the  profit  constraint  is  binding,  then  > 0 in  (49). 

But  if  the  tax  rate  is  increased,  then  the  minimiun  profit  constraint 

is  no  longer  satisfied,  and  which  measures  the  value  of 

a relaxation  in  the  minimum  profit  constraint,  will  tend  to 
du 

increase.  If  — ^ is  sufficiently  large,  then 

rt  af  Sf 

- < 9D^  * M.e")(l  - T)(p.|i  - .)  > . <51) 

SO  that  total  revenue  will  fall  (rather  than  rise)  relative 
to  dividends.  A similar  result  holds  for  managerial  emoluments. 

The  practical  explanation  for  the  foregoing  results 
is  that,  when  the  profit  constraint  is  not  binding,  an  increase 
in  the  tax  rate  makes  it  relatively  more  expensive  for  the  firm 
to  pay  dividends,  since  dollars  is  paid  in  taxes  for 

each  dollar  paid  as  dividends.  It  thus  becomes  relatively 
cheaper  in  terms  of  the  impact  of  alternative  operating  policies 
on  collective  utility  to  increase  revenue  and  managerial  emoluments 
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Mt  the  expense  of  dividends  (although  clearly  the  redistribution 
of  utility  doea  involve  a loss  of  collective  welfare),  particularly 
if  managers  are  large  shareholders.  However,  when  the  profit 
constraint  is  binding,  an  increase  in  the  tax  rate  causes 
the  minimum  profit  constraint  to  become  violated.  To  increase 
net  income  the  firm  will  have  to  decrease  either  revenue  or 
managerial  emoluments  (or  both).  Thus,  while  it  is  cheaper 
in  terms  of  pure  tax  considerations  to  Increase  revenue  and 
managerial  emoluments,  it  is  not  cheaper  when  one  adds  in 
the  cost  implicit  in  violating  the  minimum  profit  constraint. 

A second  effect  that  a change  in  the  tax  rate 
may  have  on  the  firm  is  to  cause  a change  in  the  firm's  equilibrium 
capital-labor  input  mix.  First,  if  the  minimum  profit  constraint 
is  not  binding,  then  from  (44)  and  the  definition  of  i. 


O 


d /9Li\  d r / ^ 

dT^3K^  dT  4 - T 


> ; ’ 


1 .(ar_-  ^ 
w (1  - t)2 


(52) 


Then  from  (52), 


^(|^){|}0  depending  on  r{“>  ^ 


(53) 


The  implications  of  (53)  are  Illustrated  in  figure  III-l. 

A change  in  the  tax  rate  affects  both  i and  (1  - t )w  in  (44). 

When  the  rate  of  discount  exceeds  the  percentage  rate  of  increase 
in  the  price  of  capital  goods,  a rise  in  the  tax  rate  causes 
(1  - T )w  , the  wage  rate  net  of  tax,  to  fall  more  than  i, 
the  cost  of  capital  net  of  tax.  The  firm  reacts  b/  substituting 
the  relatively  cheaper  for  the  relatively  more  expensive  input, 
i.e.  labor  for  capital,  and  the  firm's  expansion  path  shifts 


upward  in  figure  III-l.  The  reverse  occurs  when  r^  . 
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r* 


in  brackets  In  the  numerator  of  (54)  is  positive,  then 

has  the  same  sign  as  qr  - q , which  is  identical  to  the  unconstrained 

dp 

case  summarized  in  (53).  But  note  that  when  is  sufficiently 

large,  the  effects  are  reversed.  A rise  in  the  tax  rate  would, 

in  this  case,  cause  the  firm  to  use  relatively  less  labor  and 

relatively  more  capital  (i.e.  the  shifts  illustrated  in  figure 

III-l  are  reversed,  with  the  expansion  path  shifting  downward 
0/ 

when  r > ^'q  and  t is  increased).  When  is  small,  the 

expansion  path  shifts  in  the  same  direction  aj  in  the  unconstrained 

case,  though  by  a smaller  amount.  In  this  sense,  the  firm 

tends  to  use  relatively  too  much  capital  due  to  the  effects 

of  the  constraint  on  net  incooie. 

The  effects  of  a change  in  the  tax  rate,  then, 

102 

depend  on  whether  the  profit  constraint  is  binding.  When 
the  constraint  is  not  binding,  a rise  in  the  tax  rate  tends 
to  cause  revenue  and  managerial  emoluments  to  rise  relative 
to  dividends  and  tends  to  cause  labor  to  be  substituted  for 
capital  when  r > ^^q  or  capital  to  be  substituted  for  labor 
when  r < ^^q  . When  the  profit  constraint  is  binding,  these 
effects  are  less  pronounced,  and  may  in  some  cases  be  reversed. 


The  Minimum  Net  Income  Level 


By  Inspection  of  (11)  it  is  clear  that  a rise 


in  itq  has  no  impact  on  the  firm's  operating  policies  unless 
the  minimum  profit  constraint  is  binding  or  is  caused  to 


become  binding.  If  the  constraint  is  binding,  then  p > 0 


and  Intuitively  one  would  expect  the  effect  of  an  increase 


to  be  the  same  as  the  effect  of  an  increase  in  t when 


the  constraint  is  binding  and  pi  is  large.  From  (18)  and 
(20)  it  follows  that  the  firm  will  tend  to  reduce  total  revenue 


and  managerial  emoluments  in  order  to  raise  net  income  and 
restore  equilibrixun.  In  addition,  from  (47), 


From  (55),  the  sign  of 


term  in  brackets.  But  from  the  definition  of  i 


)^{-^}l  depending  on 


From  (56),  a rise  in  the  minimum  acceptable  level  of  net  Income 
will  cause  the  firm's  expansion  path  to  shift  upward  (downward) 
when  the  rate  of  discount  is  less  than  (greater  than)  the 
percentage  rate  of  increase  of  the  price  of  capital  goods. 

Comparing  (56)  with  (53)  it  can  be  seen  that  an 
increase  in  it^  has  the  opposite  effect  on  the  input  mix  from 
the  pure  effect  (profit  constraint  not  binding)  of  an  increase 
in  the  tax  rate.  This  enables  a clearer  explanation  to  be 
provided  for  the  effect  of  an  increase  in  the  tax  rate  when 
the  profit  constraint  is  binding.  In  that  case,  the  effect 
of  a tax  increase  is  the  composite  of  two  effects.  The  first 
is  a pure  price-related  effect,  which  causes  revenue  and 
managerial  emoluments  to  be  substituted  for  dividends  and  labor 
to  be  substituted  for  capital  (when  r > ‘^^q).  The  second 
is  a constraint-related  effect , which  is  due  to  the  fact  that 
an  increase  in  t when  the  constraint  is  binding  is  tantamount 
to  an  Increase  in  and  which  operates  in  the  opposite  direction 
to  the  pure  price-related  effect.  Depending  on  the  relative 


strengths  of  the  two  effects,  total  revenue  and  managerial 
emoluments  could  actually  decrease  relative  to  dividends  and 
capital  could  actually  be  substituted  for  labor  (when  r > 

The  effect  of  an  increase  in  the  minimum  net  income 
level,  then,  is  to  cause  total  revenue  and  managerial  emoluments 
to  decrease  relative  to  dividends  and  capital  to  be  substituted 
for  labor  when  r > and  labor  to  be  substituted  for  capital 
when  r ^^q  . 


c.  The  Discount  Rate 

A change  in  the  discount  rate  has  two  effects  that 
reinforce  one  another.  An  Increase  in  the  discount  rate  raises 
the  firm's  cost  of  capital,  i,  and  also  causes  future  utility 
levels  to  be  discounted  more  heavily.  Each  of  these  effects 
Induces  the  firm  to  pay  higher  dividends  and  managerial  emoluments 
and  to  earn  higher  revenue  in  the  present  at  the  expense  of 
investment  (l.e.  increments  to  the  firm's  capital  stock  that 
pay  returns  in  future  periods). 

From  (47) 


d / 3 L \ / 1 \ q 3 

^r:7>w 


3U  • 

-T^w  3U 


(57) 


If  « 0,  then  clearly  ^(|^)  > 0 » the  expansion  path 

shifts  upward  in  figure  III-l  as  the  firm  substitutes  labor 

d d L 

for  the  now  relatively  more  expensive  capital.  But  > 0 

even  when  p > 0 . To  see  this,  note  that  **^q  >-l  since  prices 

I — 

can  never  fall  by  more  than  100  percent.  Since  0 < r < 1 
it  follows  that  1 - r(r  - ^^q)  > - 1 and  that  the  term  in 
brackets  in  (57)  is  negative  only  If 
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r > ‘l/q  and  9V^/iD<  . ' (58) 

Since  (58)  holds  only  under  exceptional  circumstances  - since 
it  implies  by  (47)  that  the  firm's  expansion  path  is  negatively 

sloped^^^  - it  follows  that  the  term  in  brackets  in  (57)  is 

ri  3 ti 

normally  positive,  and  hence  that  ^ 0 • Thus,  except 
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under  exceptional  circumstances,  ^ the  expansion  path  shifts 
upward  due  to  an  Increase  in  r,  whether  or  not  the  profit 
constraint  is  binding. 

In  addition,  from  (23), 


HF 


X(t) 


3U 


q(t)*(-r)e“^^  - -r*X(t)  < 


(59) 


Thus,  an  increase  in  the  discount  rate  reduces  the  shadow  price 
of  capital,  l.e.  the  value  of  an  additional  unit  of  capital 
in  terms  of  collective  utility.  This  causes  the  time  path 
of  the  firm's  capital  stock  to  shift  downward,  as  illustrated 
in  figure  I I 1-2.  A decrease  in  the  discount  rate  would,  of 
course,  have  the  opposite  effect.  It  may  be  observed  that, 
ceteris  paribus,  the  alternative  time  paths  tend  to  diverge 
when  the  capital  stock  is  increasing  and  tend  to  converge 
when  it  is  decreasing. 

A change  in  the  discount  rate,  then,  affects 
the  time  path  of  the  firm's  capital  stock.  If  the  discount 
rate  increases,  the  firm  tends  to  substitute  labor  for  capital 
at  each  point  in  time  and  the  time  path  of  capital  is  lowered 

as  a result. 
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K(t) 


Effect  of  a Change  in  the  Discount  Rate 
on  the  Time  Path  of  the  Capital  Stock 


Figure  III-2 


d.  The  Rate  of  Depreciation,  the  Price  of  Capital 
Goods,  and  the  Rate  of  Change  of  the  Price  of 
Capital  Goods 

An  increase  in  the  rate  of  depreciation  (6)  or 
in  the  price  of  capital  goods  (q)  causes  the  firm's  cost  of 
capital  at  any  point  in  time  to  increase.  An  increase  in 
the  rate  of  increase  of  capital  goods  prices  has  the  opposite 
effect.  By  differentiating  (47)  individually  with  respect 
to  &,  q,  and  q it  is  easily  shown  that  an  increase  in  the 
rate  of  depreciation,  an  Increase  in  the  price  of  capital 
goods,  and  a decrease  in  the  rate  of  increase  of  the  price 
of  capital  goods  will,  by  Increasing  the  cost  of  capital, 
cause  the  firm  to  substitute  labor  for  capital.  Opposite 
changes  in  these  three  factors  cause  capital  to  be  substituted 
for  labor.  Moreover,  changes  in  these  factors  affect  the 
firm  modeled  in  (11)  in  the  same  manner  as  they  affect  the 
traditional  firm. 


e.  The  Wage  Rate  and  the  Price  of  Output 
ip!  A change  in  the  wage  rate,  l.e.  the  price  of  labor, 

has  two  effects.  From  (18),  an  Increase  In  the  wage  rate 
will  cause  labor  usage  and  output  to  fall,  and  this  effect 
will  be  more  pronounced  when  the  minimum  profit  constraint 
is  binding.  In  addition,  from  (47),  an  Increase  in  the  wage 
rate  will  cause  the  firm's  expansion  path  to  shift  downward 
(see  figure  III-l)  as  the  firm  substitutes  capital  for  the 
now  relatively  more  expensive  labor.  Both  effects  are  also 
observed  in  the  case  of  the  traditional  firm. 

A change  in  the  price  of  output  also  has  two  effects. 
An  increase  in  price  has  an  immediate  impact  on  total  revenue, 
causing  it  to  increase.  From  (18)  and  (20),  the  firm  will 
also  tend  to  increase  dividends  and  managerial  emoluments. 

When  the  profit  constraint  is  not  binding,  there  Is  no  impact 
on  the  firm's  expansion  path.  If,  however,  the  profit  constraint 
had  been  binding  before  the  price  increase,  then,  it  can  be 
shown  by  differentiating  (47)  that  when  r f the  firm  will 
substitute  labor  for  capital  and  shift  back  onto  the  traditional 
firm's  expansion  path.  If  the  profit  constraint  is  not  binding 
in  the  new  equilibrium  for  the  firm,  then  its  capital-labor 
ratio  will  satisfy  the  equation  of  the  traditional  firm's 
expansion  path. 

Thus,  a change  in  the  wage  rate  affects  the  firm 
modeled  in  (11)  in  the  same  manner  as  such  a change  would 
affect  the  traditional  firm,  but  this  Is  not  true  of  the  effect 
of  a price  change  unless  the  profit  constraint  was  not  binding 
prior  to  the  price  increase. 


5.  Derivation  of  a Hlcks-Slutsky-Type  Equation 

In  the  previous  subsection  it  was  argued  that  the 
effect  of  a change  in  the  tax  rate  t on  the  behavior  of  the 
firm  depends  on  whether  or  not  the  net  income  constraint  is 
binding.  When  the  constraint  is  not  binding  there  is  a substitution 
effect.  A rise  in  the  tax  rate  leads  to  an  increase  in  revenue 
and  managerial  emoluments  relative  to  dividends.  When  the 
profit  constraint  is  binding,  this  effect  may  be  reversed. 

The  purpose  of  this  subsection  is  to  explain  the  overall  effect 
of  a tax  change  as  the  resolution  of  two  effects,  one  a 
'substitution  effect'  and  the  other  an  'income  effect'. 


which  are  analogous  tc  the  substitution  and  income  effects  of 
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a price  change  in  consumer  theory.  This  result  is  proved 
as  the  following  theorem. 

Theorem  I I 1-4 

If  the  utility  function  and  the  production  function  f are 
both  strictly  concave,  then  the  effect  of  a change  in  the 
tax  rate  t on  the  equilibrium  level  of  total  sales  revenue 
when  the  profit  constraint  is  binding  can  be  expressed  as  the 
resolution  of  two  effects,  one  of  which  is  positive  (i.e. 
a 'substitution  effect')  and  the  other  of  which  is  negative 
(i.e.  an  'income  effect'}.  Moreover,  when  both  total  sales 
revenue  and  managerial  emoluments  are  permitted  to  vary,  the 
effect  of  a change  in  t on  total  sales  revenue  is  the  resolution 
of  three  effects,  the  first  two  being  the  (pure)  substitution 
and  income  effects  already  indicated,  plus  a cross  substitution 
effect  between  total  sales  revenue  and  managerial  emoluments 
that  is  negative. 


Beauirk 


The  method  of  proof  Is  to  derive  a Hlcks-Slutsky- 
type  equation  for  , the  instantaneous  rate  of  change 

of  the  labor  input  with  respect  to  the  tax  rate.  This  is 
accomplished  for  arbitrary  time  t with  the  capital  stock  K 
held  fixed.  The  equation  for  will  then  imply  the  desired 

expression  for  3t  • 

The  Hicks-Slutsky-type  equation  is  derived  for  the 
optimization  problem: 

maximize  H(K,  L,  I,  U,  X,  t) 


{L,  I.  M} 


(60) 


subject  to  iT(t)  « (l-T){p*f(K,  L)  - wL  - M 


- q*[  6*K3- 

which  is  necessary  condition  (14)  for  an  optimal  solution 
to  (11)  under  the  assumptions  that  the  profit  constraint  is 
binding  and  the  nonnegativity  constraints  are  not.  Problem 
(60)  is  the  dynamic  analogue  of  the  static  consumer  budget 


allocation  problem  with  in  the  role  of  'income 
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In 


the  derivation  of  the  Hicks-Slutsky-type  equation  it  is  assumed 

that  the  level  of  investment,  I,  in  (60)  is  fixed.  This  is 
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done  for  ease  of  exposition,  and  does  not  affect  the  result 
qualitatively. 

Proof  of  Theorem  I 11-4 

The  necessary  conditions  for  an  optimal  solution  to 
(60)  when  I is  held  fixed  are,  in  addition  to  the  constraint 


au  a#  af 

♦ (1  - T )(P‘|^  - w>  - 


zero : 

% " 0 

(61) 
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(18) 
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[H] 
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Note  that  p»f(K,  L)  - wL  - M - q*6*K  » ^17 


Denote 
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and  rewrite  (63)  as 
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\ '“/3x. 

\ 0;  ' 0 ! 

where  a < 0 by  lemma  III-l  and  6 < 0 also.  Since  H is  nonsingular 

A ^ 

in  some  neighborhood  oi  (x,  Hq).  (64)  can  be  solved  for  the 
partial  derivatives  of  L,  and  M with  respect  to  x: 
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i 

3t  / 


+ aH“^  1 


+ 3H 


-1 


1/ 


(65) 


where  denotes  the  inverse  of  the  matrix  H in  table  III-3 . 

To  facilitate  the  interpretation  of  (65),  an  alternative  expression 

-1 

is  obtained  for  H Oj  . This  is  done  by  partially  differentiating 

\ol 

(61),  (18),  and  (20)  with  respect  to  . This  gives  the 
matrix  equation 
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since  H is  nonsingular.  Substituting  (66)  into  (65)  gives 
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From  (67), 


3 L o 3L  , ~tt“1  4. 
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(68) 


where  H"^.  . is  the  i-Jth  element  of  . From  table  III- 3 , 


H 


-1 


22 


-1  = -(1-T)"(P-|^  - W) 


H 


23 


det  H 


To  prove  the  first  part  of  the  theorem,  eliminate 
the  effect  of  a change  in  managerial  emoluments  by  setting 
^**/3t  » 0 . Then  8 = 0 by  (63).  Setting  6 = 0 and  substituting 
for  a and  H"^22  gives 
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633 


It  follows  from  (66)  that 
that  T-^  < 0 


It  follows  from  lemma  III-l  and  (62)  that 


To  prove  the  second  part  of  the  theorem,  substitute 


in  (68)  to  obtain 


It  follows  from  lemma  III-l  and  (62)  that 


The  main  results  provided  by  theorem  III-4  are  equations 


(69)  and  (70).  Equation  (69)  expresses  the  change  in  the 
amount  of  the  labor  input  employed,  and  by  Implication  the 


change  in  total  sales  revenue  (in  the  same  direction  since 

> 0 for  a rational  producer),  as  the  sum  of  two  effects 
^o  3L 

The  first,  •=— r , can  be  interpreted  as  an  'income  effect' 


and  measures  the  impact  of  the  implicit  increase  in  (i.e. 
the  'tightening'  of  the  constraint)  that  results  from  an  increase 
in  T . From  (61),  the  effect  of  such  an  increase  is  to  cause 


L,  and  hence  total  sales  revenue,  to  fall.  This  is  analogous 


to  the  Income  effect  of  an  increase  in  price  on  the  quantity 


demanded  of  a normal  good  in  consumer  theory. 

The  second  term  in  (69)  (and  in  (70)  as  well)  can 
be  interpreted  as  a substitution  effect.  In  the  previous 


subsection  it  was  noted  that  If  the  profit  constraint  were 

not  binding,  then  an  Increase  in  the  tax  rate  would  cause  total 

sales  revenue  to  increase  relative  to  dividends  as  relatively 

cheaper  sales  revenue  is  'substituted  for'  relatively  more 

expensive  (in  terms  of  collective  utility)  dividends.  But 

3U  _ 

this  is  just  what  is  implied  by  (5^  e + 

[ ^et"H~^^  0 - an  increase  in  x tending  to  cause  L,  and  hence 

total  sales  revenue,  to  increase.  This  is  analogous  to  the 
substitution  effect  of  a price  change  in  consumer  demand  theory. 
Putting  these  two  effects  together,  equation  (69)  can  be 
expressed  generically  as: 


o 


3t 


(|^) 


+ (^) 


X = constant 


constant  . 


(71) 


Equation  (70)  indicates  that  there  is  a third  effect 
at  work,  in  addition  to  the  above  two,  when  both  total  sales 
revenue  and  managerial  emolvunents  are  permitted  to  vary . 

The  firm  is  able  to  substitute  sales  revenue  for  managerial 
emoluments  and  vice  versa.  This  effect  might  be  interpreted 
as  a 'cross  substitution  effect'  on  total  sales  revenue  to 
distinguish  it  from  the  'price  substitution'  effect  between 
dividends  and  total  sales  revenue.  Since  (61)  implies  that 
L and  U must  vary  inversely  for  given  , one  would  expect 
this  cross  substitution  effect  to  be  negative.  This  is  the 
case  since,  as  shown  in  the  proof  of  theorem  I I 1-4, 


ri— i u ) r 3L  ” T < 0 . Putting  this  effect 

^ » L dir"H J 


together  with  those  embodied  in  (71),  equation  (70)  can  be 
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expressed  generlcally  as; 


C 


( 


It  ■ <5T^>  * <It^  * <l5> 

° TSooBstant  "„=constant  TSoonstant 

11= constant  U=constant  ir^-cons  an 

Results  similar  to  those  just  obtained  for  the  effect 
of  a change  in  t on  total  sales  revenue  can  also  be  obtained 
for  managerial  emoluments.  These  are  stated  as  the  following 
corollary  to  theorem  I I 1-4. 

Corollary  III-4-1 

If  the  utility  function  and  the  production  function  f are 
both  strictly  concave,  then  the  effect  of  a change  in  the 
tax  rate  t on  the  equilibrium  level  of  managerial  emoluments 
when  the  profit  constraint  is  binding  can  be  expressed  as  the 
resolution  of  two  effects,  one  of  which  is  positive  (i.e.  a 
'substitution  effect')  and  the  other  of  which  is  negative 
(i.e.  an  'income  effect').  Moreover,  when  both  managerial 
emoluments  and  total  sales  revenue  are  permitted  to  vary, 
the  effect  of  a change  in  t on  managerial  emoluments  is  the 
resolution  of  three  effects,  the  first  two  being  the  (pure) 
substitution  and  income  effects  already  indicated,  plus  a 
cross  substitution  effect  between  managerial  emoluments  and 
total  sales  revenue  that  is  negative. 

Proof 

From  (67), 


O 


3M 

Tt 


o 3M  . g„-l  . „„-l 

ITt  TS-  * 33  " 32  * 

o 


Evaluate  and 


(73) 

and  substitute  the  resulting  expressions 


and  the  expressions  for  a and  0 into  (73)  to  obtain  equations 
analogous  to  (69)  (when  a ■ 0)  and  (70).  Q.E.D. 
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The  interpretation  of  corollary  III-4-1  is  similar  to  the 
interpretation  of  theorem  III— 4,  and  equations  analogous 
to  (71)  and  (72)  could  be  developed  from  the  theorem. 

This  subsection  has  extended  a basic  result  from 
consumer  theory,  the  Hicks-Slutsky  equation,  to  the  theory 
of  the  firm.  This  result  is  important  for  at  least  four 
reasons.  First,  it  demonstrates  analytically  the  Importance 
of  whether  or  not  the  profit  constraint  is  binding  to  the 
effect  of  a change  in  the  tax  rate  on  total  sales  revenue. 

An  increase  in  the  tax  rate  may  Increase  or  decrease  sales 
revenue,  depending  on  whether  or  not  the  profit  constraint 
is  binding,  which  has  important  implications  for  tax  policy. 
Second,  the  possibility  that  an  increase  in  the  tax  rate  can 
lead  to  an  increase  in  sales  revenue  reverses  one  of  the  major 
predictions  of  Baumol's  sales  maximization  model. Third, 
the  derivation  of  the  Hicks-Slutsky-type  equations  (69)  and 
(70)  demonstrate  results  suggested  and  illustrated  geometrically 
by  Yarrow,  and  in  addition,  indicate  the  existence  of  cross 
substitution  effects  between  alternative  managerial  objectives 
not  considered  in  Yarrow's  analysis.  Fourth,  theorem  I I 1-4 

suggests  how  to  extend  the  Hicks-Slutsky  equation  from  the 
analysis  of  single  period  consumer  behavior  to  the  analysis 
of  the  firm  in  a multiperiod  setting.  In  particular,  the 
derivation  of  the  Hicks-Slutsky-type  equation  in  the  multiperiod 
setting  should  proceed  from  the  maximization  of  the  Hamiltonian. 

Theorem  I I 1-4  was  concerned  with  the  effect  on  the 
behavior  of  the  firm  of  a change  in  the  tax  rate  x.  It  should 
be  noted  that  the  same  technique  employed  in  the  proof  of 
theorem  I I 1-4  could  be  used  to  analyze  the  effects  of  changes 
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in  other  parameters,  such  as  the  price  of  output,  p,  and  the 
wage  rate,  w.  For  this  reason  the  importance  of  theorem  I I 1-4 
extends  beyond  the  parametric  analysis  concerning  the  effect 


6.  Section  Summary 


This  section  developed  the  model  of  the  firm  under 


certainty  and  derived  the  Important  properties  and  policy 
Implications  of  the  model.  The  firm  was  modeled  in  (11)  as 
a maximizer  of  discounted  collective  utility  over  a finite 


planning  horizon,  where  collective  utility  reflected  managerial 
sources  of  satisfaction  - sales  revenue,  managerial  emoltunents. 


and  growth  as  well  as  a source  of  shareholder  satisfaction 
dividends  - and  where  the  maximization  took  place  subject 


to  a minimiim  net  income  constraint.  It  was  shown  that  such 


a firm  would  tend  to  use  more  labor,  and  hence  produce  more 
output,  than  a short  run  profit  maximizer  (lemma  III-l). 

In  addition,  it  was  shown  that  the  equilibrium  operating  policies 
selected  by  the  firm  could  be  used  to  characterize  an  implicit 
ranking  at  the  margin  of  the  sales  revenue,  dividends,  and 
managerial  emoluments  objectives  (theorems  III-l  and  III-2 
plus  corollaries). 

It  was  further  shown  that  the  extent  of  managerial 
discretion,  as  reflected  in  whether  or  not  the  profit  constraint 
is  binding,  has  Important  implications  for  the  behavior  of 
the  firm.  When  the  profit  constraint  is  not  binding,  the 
expansion  path  of  the  firm  modeled  in  (11)  will  coincide  with 
the  traditional  firm's  expansion  path,  but  when  the  profit 
constraint  is  binding,  the  expansion  paths  will  coincide  only 
if  the  rate  of  discount  is  equal  to  the  percentage  rate  of 


increase  of  the  price  of  capital  goods  (theorem  III-3).  An 

increase  in  the  tax  rate  may  lead  to  either  a decrease  or  an 

increase  in  output,  sales  revenue,  and  managerial  emoluments, 

depending  mainly  on  whether  the  profit  constraint  is  or  is  not 

binding.  It  was  shown  that  when  the  profit  constraint  is  binding, 

the  effect  of  a change  in  the  tax  rate  on  the  behavior  of  the 

firm  can  be  interpreted  as  the  resolution  of  three  effects,  which 

are  embodied  in  the  Hicks-Slutsky-type  equation  developed  for  the 

dynamic  optimization  model  (11)  (theorem  I I 1-4) 

The  model  (11)  developed  in  this  section  assumes  that 

the  firm  produces  a single  good  under  conditions  of  certainty 

and  under  conditions  of  perfect  competition  in  product  and 

factor  markets.  The  extension  of  the  model  to  permit  uncertainty 

is  carried  out  in  the  next  section.  The  extension  to  permit 

imperfect  competition  in  product  or  factor  markets  (or  both) 

is  straightforward  and  does  not  affect  any  of  the  qualitative 
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results  obtained  in  this  section.  The  extension  of  the 
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model  to  the  roultiproduct  firm  is  also  straightforward. 

C.  THE  MODEL  UNDER  UNCERTAINTY 

The  purpose  of  this  section  is  to  extend  the  model  of  the 
collective  utility  maximizing  firm  (11)  developed  in  the 
previous  section  to  incorporate  uncertainty.  The  uncertainty 
version  of  the  model  will  be  used  in  section  E of  this 
chapter  to  study  the  behavior  of  the  firm  over  the  business  cycle. 
1.  The  Model 

In  this  section  it  is  again  assxuned  that  the  firm  produces 

a single  good  that  it  sells  in  a perfectly  competitive  market. 
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The  firm  is  a quantity-setter  of  the  Sandmo-Leland  type, 
setting  the  quantity  of  output  to  be  produced  prior  to  observing 
market  price,  which  is  assumed  random  and  functionally  dependent 
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on  the  state  of  nature,  6^  , prevailing  at  time  t.  Assume  that 
for  every  t e [0,  T] , 0^  has  distribution  function  F^(0^)  for 
which  a probability  density  function  exists.  Further  assume 
that  the  probability  distribution  is  time  invariant  so  that  the 
subscript  t may  be  dropped  and  that  the  states  of  nature  are 
defined  in  such  a way  that  dp/d0  > 0,  i.e.  a higher  value  for  0 
corresponds  to  a higher  price  p (and  hence,  to  a more  favorable 
state  of  the  firm's  operating  environment). 

Expressing  price  as  a function  of  time,  p(t),  the  family 
of  random  variables  {p(t),  0 £ t < T}  forms  a continuous  parameter 
stochastic  process.  Assume  that  this  process  has  independent 
increments.  This  assumption,  and  possibly  stronger  assumptions, 
are  needed  to  rule  out  pathological  cases  for  which  the  model  set 
out  below  would  fall  to  have  a feasible  solution. 

Since  price  is  random,  so  is  net  income.  Therefore,  the 

minimum  net  Income  constraint  (7)  must  be  modified.  Assume  that 

\ 

the  fixmi  selects  its  operating  policies  each  period  such  that  the 
probability  that  net  income  will  be  greater  than  or  equal  to 
is  at  least  c,  where  c is  a positive  constant,  0 < e < 1.  The 
constraint  (7)  becomes 

PCir(t)  - (l-T){p(0)*f(K(t),  L(t))  - w(t)*L(t) 

- M(t)  - q(t)*[6*K(t)]}  > > e > 0 . (74) 

0 < t < T , 

where  ir^  is  determined  exogenously  and  where  it  is  assximed 
that  e is  also  determined  exogenously  as  of  time  t ■ 0.  One 
possible  interpretation  of  e is  that  it  reflects  the  board 
of  directors'  perception  of  the  threat  of  an  unfriendly  takeover 
attempt,  with  the  likelihood  of  such  an  attempt  inversely 
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related  to  the  value  of  e . Given  management's  aversion  to  o 
unfriendly  takeover  bids,  the  attitudes  of  potential  takeover 
raiders  (i.e.  how  they  would  react  to  different  net  Income 
levels),  as  perceived  by  top  management,  determine  c . 

Rather  than  work  directly  with  the  probabilistic  constraint, 
it  will  prove  more  convenient  to  use  the  distribution  of  p, 
which  is  assumed  known,  to  convert  (74)  into  an  equivalent 
deterministic  constraint.  To  accomplish  this,  note  that  with 
the  capital  stock  treated  as  fixed  at  time  t,  ir(t)  in  (74) 
is  a function  of  L,  11,  and  6 . Fix  L and  rewrite  (74)  as 

P{p(e)*f(K,  L)  - M > ^ ^ 

Since  the  left-hand  side  of  the  inequality  inside  the  braces 
is  a monotonically  decreasing  function  of  11,  while  the  right- 
hand  side  is  fixed  (in  terms  of  L and  K)  by  assvimption,  the 
known  distribution  p(d^)  implies  a maximum  value  for  managerial 

Ak 

emoluments,  11(L,  K,  e),  where  the  arguments  L,  K,  ir^, 
and  c indicate  the  dependence  of  this  maximum  value  on  the 

amount  of  labor,  the  size  of  the  capital  stock,  and  also  on 
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and  £ . It  is  easily  seen  from  (75)  that 

dU/dTf^  < 0 and  3M/ae  < 0 . (76) 
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It  can  be  shown  that  for  L sufficiently  large, 

ali/3L  < 0 . (77) 

The  interpretation  of  (76)  is  that  an  increase  in  the  ex  post 
minimum  net  income  level,  , or  an  increase  in  the  fear 
of  takeover  leading  to  an  increase  in  c each  leads  to  a decrease 


in  the  maximvun  permissible  level  of  managerial  emoluments. 

Similarly,  the  interpretation  of  (77)  is  that  beyond  some  point 
further  increases  in  labor  usage  lead  to  decreases  in  the 
maximum  permissible  level  of  managerial  emoluments.  The  above 
procedure  leads  to  a functional  relationship  that  can  be  used 
to  replace  the  probabilistic  constraint  (74)  with  the  equivalent 
deterministic  constraint 

M(t)  < M(L(t),  K(t),  e)  . 0 < t < T . (78) 

It  also  follows  from  the  fact  that  price  is  a random 
variable  that  total  revenue  and  total  dividends  paid  are  also 
random  variables.  Hence,  the  objective  functional  in  (11) 
must  be  reformulated  to  take  this  into  account . This  was 
done  in  (3).  The  model  of  the  firm  (11)  reformulated  to  take 
into  account  the  existence  of  uncertainty  is: 

T 

/qECU^  [p(9).f(K(t),L(t));  (l-T){p(0)*f(K(t),L(t)) 

- w(t)*L(t)  - ll(t)}  + T*q(t)*  C6-K(t)] 

- q(t)*I(t);  M(t)]  }e'*‘^dt  + U^(K(T))e"^’’ 

(79) 

k(t)  - I(t)  - 6‘K(t)  , 0<t<T  , K(0)  given 
M(t)  < M(L(t),K(t),itQ,e)  , 0<t<T 
L(t),  K(t),  ll(t)  > 0 , 0<t<T 

It  is  assumed  that  the  firm  modeled  in  (79)  exhibits 
risk  aversion  with  respect  to  each  of  the  arguments  of  the 
utility  function  U , so  that 

3*U  /3R*  < 0 3*U  /3D*  < 0 3*U  /3M*  < 0 . 

As  indicated  in  subsection  1 of  section  B above,  the  interpretation 
of  U in  (79)  is  different  from  the  interpretation  of  U 

I > 

in  (11),  as  it  is  assumed  in  (79)  that  satisfies  the 
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maximize 

{L(t),I(t),li(t)} 


subject  to 
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von  Neumann-Morgenstern  'postulates  of  rational  choice'. 

Note  that  since  the  probability  distribution  of  p(e ) 
is  known,  E{  } at  each  time  t is  a function  of  the  control 
variables  L,  I,  and  II  and  the  state  variable  K at  that  time 
only.  Hence,  the  deterministic  maximum  principle  can  be  used 
to  characterize  the  multiperiod  equilibrium  position  of  the 
expected  collective  utility  maximizer  modeled  in  (79). 


2.  The  Firm's  Optimal  Operating  Policies  under  Uncertainty 
The  Hamiltonian  for  the  stochastic  optimal  control 
problem  (79)  is 

H [K,  L,  I,  II,  A,  t ] =*  E{U^[  ]}e"*'^  + A(t)  [I(t)  - 6*K(t)]  , (80) 

where  E{U  [ ]}e~*’^  denotes  the  integrand  in  (79).  In  (80) 

the  costate  variable  A(t)  measures  the  shadow  price  of  capital 
in  terms  of  the  discounted  value  of  expected  collective  utility. 


As  in  the  deterministic  case,  define  the  Lagrangian  by 


K,  L,  I,  M,  A,  t] 


H [K,  L,  I,  M,  A,  t]  + Mj(t)*[  ll(L(t),K(t),irQ,e  ) - ll(t)3, 
where  H is  given  by  (80). 

In  order  that  the  time  paths  L*(t),  I^(t),  and  ll♦(t) 

provide  an  optimal  solution  to  problem  (79),  it  is  necessary 
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that  they  satisfy  the  following  conditions: 

{L*(t),  I*(t),  and  ll*(t)}  maximize  H(K,L,I,ll,X,t)  ^ 

subject  to  ll(t)<M(L(t),K(t),TrQ,e)  , 0 < t < T 


K(t) 

A*(t) 


I*(t)  - 6*K(t)  , 0 < t < T , K(0)  given 

3L  3U  (K(T)) 

- ^ . X.<T)  - -hm--  ' 


(83) 

(84) 


where  is  given  by  (81).  Since  the  second  necessary  condition 
(83)  merely  repeats  the  net  investment  constraint,  it  need 
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not  be  considered  further.  The  other  two  necessary  conditions 
differ  from  (14)  and  (16)  for  the  deterministic  case  and  so 


are  discussed  below 


To  begin,  consider  the  necessary  condition  (82). 

The  Kuhn-Tucker  conditions  necessary  for  an  optimal  solution 


to  (82)  are  the  following 


aL„  au  --  au  , 


To  interpret  necessary  conditions  (85)  - (88)  two  cases 
need  to  be  considered,  depending  on  whether  or  not  » 0 . 

Since  does  not  appear  in  (86),  that  condition  can  be  considered 
separately.  Necessary  condition  (86)  can  be  rewritten  as: 


The  interpretatiot 


which  is  analogous  to  (23)  for  the  certainty  case 
of  (89)  is  similar  to  the  interpretation  of  (23),  with  the 
obvious  adjustments  on  account  of  the  expected  values  in  (89). 
The  Lagrange  multiplier  A(t)  is  interpreted  as  in  the  certainty 


case,  although  it  is  expressed  in  terms  of  expected  collective 

utility  since  those  are  the  units  in  which  the  objective  functional 

in  (79)  is  expressed.  In  addition,  the  left-hand  side  of 

(89)  differs  from  the  left-hand  side  of  (23)  in  that  the  former 
3U  3U 

involves  E C 3 in  place  of  . Analogous  to  the  interpretation 

of  (23),  the  ratio  of  the  left-hand  side  of  (89)  can  be  interpreted 
as  the  marginal  rate  of  substitution  between  physical  capital 
and  dividends,  where  numerator  and  denominator  in  (89)  are 
expressed  as  discounted  expected  values.  According  to  (89), 
in  equilibrium  the  expected  collective  utility  maximizer  will 
have  carried  investment  at  each  time  t to  the  point  at  which 
the  marginal  rate  of  substitution  between  physical  capital 
and  dividends  just  equals  the  price  of  capital  goods  - at  which 
point  the  internal  and  external  trade  offs  between  physical 
capital  and  dividends  will  be  equated.  This  result  is  summarized 
as  the  following  lenma: 

Lemma  I I 1-2 

Under  certainty  (uncertainty)  the  collective  utility  (expected 
collective  utility)  maximizing  firm  will  carry  investment  at 
each  time  t up  to  the  point  at  which  its  marginal  rate  of 
substitution  between  physical  capital  and  dividends  just  equals 
the  price  of  capital  goods. 

Consideration  of  necessary  conditions  (85)  and  (87) 
involves  the  following  two  cases; 
case  (i):  •*  0 • 

In  this  case  the  managerial  emoluments  constraint 
(78)  is  not  necessarily  binding  at  optimality.  Setting  ■ 0 
in  (85)  leads  to  the  following  theorem: 
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Theorem  I I 1-5 

When  the  risk  averse  expected  collective  utility  maximizing 
firm  modeled  in  (79)  is  in  equilibriiun,  it  will  tend  to  produce 
more  output  than  a similarly  risk  averse  expected  utility  of 
total  profit  maximizer.  The  effect  of  uncertainty  on  both 
types  of  firms  is  to  cause  each  to  produce  a smaller  quantity 
of  output  than  it  would  under  certainty. 

Proof 

3f 

Since  , p,  and  are  all  strictly  positive,  it 

af 

follows  that  ^ ® hence,  from  (85)  with 

p * 0 , that 

i 

3U  ^ ^ 

If  I(t),  K(t),  and  II(t)  are  fixed,  it  follows  from  (9)  that 
a preference  ordering  over  D also  gives  a preference  ordering 
over  TT  . Thus,  (90)  implies  that 


af 

E [^(1  - T)(p(0)|i  - w)]  < 0 . (91) 

For  an  expected  utility  of  total  profit  maximizer  with  utility 

AV 

function  U(n)  such  that  s , (91)  implies  that  the  expected 

collective  utility  maximizer  will  produce  greater  output. 

This  follows  from  (91)  and  Batra's  and  Ullah's  statement  of 

the  first-  and  second-order  conditions  for  expected  utility 

121 

of  total  profit  maximization: 


i 


Hence,  from  (91)  and  (92),  the  expected  collective  utility  > 

maximizer  uses  more  labor,  and  since  9f/dL  > 0 , it  will, 

as  a consequence,  produce  greater  output. 

The  proof  of  the  second  statement  utilizes  a technique 
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introduced  by  Sandmo  and  since  utilized  by  others.  The 
first-order  condition  (85)  with  « 0 can  be  written  as 

3U  3U  3U 

P<«)|e  ♦ • <»3) 

30  _ j,  30  _ ,, 

Subtract  JP^’SE^  from  each  side  of  (93) 

to  obtain 

3*^  af  .. 

Tl  * 

3U  3U  _ _ .. 

- E{^(1-t)w}  - E{^.p.|i  + ^(l-T)p.|£}  , (94) 

where  P"ECp(6)]  is  the  expected  price  of  output. 

By  definition,  R « p(6)*f(K,  L),  and  taking  expectations, 
E [ R ] ■ p*f(K,  L)  . Therefore,  R can  be  expressed  as 
R - E [ R ] + (p  - p)*f (K,  L)  . If  p > p , then  E [R  ] < R , 
and  by  the  assumed  risk  aversion  on  the  part  of  the  firm. 


3U  3U 

3r^(R)  1 3R^  CE(R)]  , if  p > p , (95) 


It  is  clear  from  (95)  that 


3U  3U 

3^(R)*  (P  - P)  1 C E(R)  ] • (p  - p) 


(96) 


But  (96)  must  hold  for  all  p,  since  when  p £ p the  inequality 

in  (95)  is  reversed,  while  multiplication  by  (p  - p)  reverses 

the  direction  of  the  inequality  and  gives  (96).  Taking  expectations 

3U 

in  (96)  and  noting  that  [ E(R)  ] is  a constant  yields 


3U  _ 3U 

E C 3^*  (P  - P)  ] 1 C E(R)  ] •E(p  - p)  ■ 0 , 


(97) 


since  p ■ E(p)  . Similarly  it  can  be  shown  that 


3U  _ 3U  _ 

® - P)  ] 1 [E(D)  ] •E(p  - p)  - 0 


(98) 


Since  TT  and  (1  - t)  are  positive  constants,  and  hence  will 

3U 

not  alter  the  inequalities  in  (97)  and  (98)  when  is  multiplied 
3U 

by  and  is  multiplied  by  (1  - t)-|^  , (97)  and  (98)  imply 
that  the  expression  on  the  right-hand  side  of  (94)  is  nonpositive. 
Rearranging  terms  this  implies 


_ af 

E 3p*Tr 


JR^  ]P-|^  E ] (1  - T)(p.|^  - w)  > 0 


(99) 


which  is  similar  to  (24)  for  the  certainty  case  with  mathematical 

3U  3U 

expectations  in  place  of  , and  p.  If  the  firm  knew 

that  the  price  p would  take  on  its  mathematical  expectation 
p with  certainty,  then  (99)  would  hold  as  an  equality.  Since 
3f/3L  > 0 , (99)  implies  that  the  existence  of  uncertainty 


causes  the  firm  modeled  in  (79)  to  produce  less  than  it  would 


under  certainty,  a result  that  Sandmo  and  others  have  demonstrated  * 
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for  the  single  period  expected  utility  of  total  profit  maximizer. 

Q.E.D. 

It  should  be  noted  that  when  the  expected  collective 



utility  maximizer  is  in  equilibrium,  (99)  implies  that  P'-gj  “ w < 0 
does  not  necessarily  hold.  That  is,  in  the  certainty  case  the 
firm  will,  according  to  lemma  III-l,  hire  labor  beyond  the 
point  at  which  its  marginal  revenue  product  equals  the  wage. 

Under  uncertainty,  the  firm  may,  depending  on  the  shape  of 
and  the  probability  distribution  of  p(0),  hire  labor  beyond 
the  point  at  which  its  expected  marginal  revenue  product  equals 
the  wage.  The  complication  introduced  under  uncertainty  is 
the  firm's  attitude  toward  risk,  as  embodied  in  the  shape  of 
the  firm's  utility  function  . This  is  made  clear  by  the 
following  corollary  to  theorem  I I 1-5. 

Corollary  I 11-5-1 

If  the  firm  modeled  in  (79)  exhibits  risk  neutrality  with 
respect  to  revenue  and  total  dividends  paid,  then  it  will  in 
equilibrium  hire  labor  beyond  the  point  at  which  the  expected 
marginal  revenue  product  of  labor  equals  the  wage  rate. 

Proof 

dU  9U 

k 


du  au 

Risk  neutrality  Implies  - k^  > 0 and 


> 0 


where  k and  k are  constants  that  are  not  necessarily  equal 
1 2 

Then  with  y » 0 (85)  beccmies 


‘ P'lt  ^ “ ’»)  • 0 


which  implies  that  P’^g^  - w < 0 


(100) 


Q.E.D. 


0 
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Tbe  interpretation  of  corollary  1II-5-1  ie  that  risk 
neutrality  on  the  part  of  the  firm  makes  it,  in  effect,  insensitive 


to  the  existence  of  uncertainty.  Note  that  (100)  is  similar 

in  form  to  (24),  which  holds  in  the  certainty  case.  Since 

the  risk  neutral  short  run  expected  utility  of  total  profit 

— 3 f 

maximizer  would  hire  labor  up  to  the  point  at  which  ■ w , 

under  risk  neutrality  it  is  much  easier  to  see  that  the  expected 

collective  utility  maximizer  will  hire  more  labor  and  produce 

more  output  than  the  traditional  firm.  Under  risk  aversion 

(or  under  less  plausible  risk  seeking  behavior)  the  marginal 
3U  3U 

utilities  and  are  not  constant,  and  it  may  be  inferred 
on  the  basis  of  theorem  III-5,  and  in  particular  (99),  that 
if  the  expected  collective  utility  maximizer  is  sufficiently 

_ g X 

risk  averse,  then  it  is  possible  that  P*^  > w • Theorem 

III-5  and  corollary  I I 1-5-1  suggest,  then,  that  under  uncertainty 

a highly  risk  averse  expected  collective  utility  maximizer 

and  a risk  neutral  or  barely  risk  averse  traditional  firm 

could  reach  Identical  output  decisions.  Under  uncertainty, 

then,  the  f.^rm's  attitude  toward  risk,  as  well  as  the  nature 

of  the  sources  of  utility,  can  have  a strong  Impact  on  the 

behavior  of  the  firm.  If  managerial  firms  are  highly  security 

conscious,  as  Rothschild,  Galbraith,  Harris,  and  others  have 
124 

argued,  and  if  as  a consequence  they  are  strongly  risk 
averse,  then  to  the  extent  that  traditional  firms  are  less 
risk  averse,  it  would  become  very  difficult  raipirlcally  to 
distinguish  managerial  behavior  from  traditional  behavior  and 
from  expected  collective  utility  maximizing  behavior. 

Turning  next  to  necessary  condition  (87),  when  ■ 0 , 


E C 3U  /3M  ] 
i . ■■ 

E r 3U  /8b  1 


■ (1  - T)  , 


(101) 
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which  is  analogous  to  (28)  for  the  certainty  case.  Unfortunately, 
* the  ratio  of  two  expected  values  is  not  in  general  equal  to 

the  expected  value  of  the  ratio,  so  that  the  left-hand  side 


of  (101)  cannot  be  interpreted  as  the  expected  value  of  the 
marginal  rate  of  substitution  between  managerial  emoluments 
and  dividends.  However,  given  the  analogy  between  (101)  and 
(28),  it  is,  in  the  opinion  of  this  writer,  still  meaningful 
to  interpret  the  left-hand  side  of  (101)  as  the  marginal  rate 
of  substitution  between  managerial  emoluments  and  dividends, 
with  the  understanding  that  expected  utility  indifference 
curves  replace  the  utility  indifference  curves  of  the  certainty 
version,  so  that  correspondingly,  the  ratio  of  expected  marginal 
utilities  replaces  the  ratio  of  marginal  utilities  of  the 
certainty  case  in  the  calculation  of  the  marginal  rate  of 
substitution  (i.e.  the  negative  of  the  slope  of  the  [ expected  ] 
utility  indifference  curve  at  a point).  Then  (101)  can  be 
interpreted  as  the  requirement  that  the  marginal  rate  of  substitution 
between  managerial  emoluments  and  dividends  equal  one  minus 
the  tax  rate  when  the  expected  collective  utility  maximizer 
modeled  in  (79)  is  in  equilibrium. 
case  (ii):  ^0  . 

In  this  case  the  managerial  emoluments  constraint 


(78)  is  binding  at  optimality,  so  that  11  - M . By  analogy 
with  the  certainty  case,  (77)  must  hold,  for  otherwise  an 
increase  in  output  would  relax  the  constraint.  By  (88),  li  > 0 . 


Hence,  (85)  and  (87)  imply  that 


( 


3H 

fZ 


a#  T-t 


(102) 


M 

3M 


E{ 


3U  3U 

Fd^(1  " 


rt 


> 0 , 


(103) 


which  are  analogous  to  (32)  and  (33),  respectively,  for  the 
certainty  case.  According  to  (102)  and  (103),  the  Hamiltonian 
is  a constrained  maximum  with  respect  to  L and  II . Were  it 
not  for  the  constraint  (78),  the  firm  could  increase  both 
revenue  and  managerial  emoluments  and  thereby  reach  a higher 
level  of  discounted  expected  collective  utility.  But  the  firm 
cannot  do  this  because  it  would  increase  the  'risk'  (i.e. 
the  probability)  that  actual  net  income  would  fall  short  of 

^o  ’ 

The  foregoing  was  concerned  with  necessary  condition 
(82)  and  the  optimal  time  paths  of  labor,  Investment,  and  managerial 
emoluments.  Next,  the  implications  of  necessary  condition  (84) 
for  the  optimal  time  path  of  the  firm's  capital  stock  are 
considered.  Together  (84)  and  (86)  imply  that 


3U  . 3U  .. 

EC(^^)‘(-rq  ♦ q)]«  - C E(p(e 


3U 


+ E(p(0)^)*(1-t)*|| 


(104) 


3U  3U 

♦ E(^^)*Tq6  - 6q«E(^)] 


where,  for  convenience,  only  the  case  - 0 is  considered. 
Equation  (104)  can  be  used  to  establish  the  following  theorem 
and  corollary. 
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Theorem  I I 1-6 

When  the  risk  averse  expected  collective  utility  maximizing 
firm  modeled  in  (79)  is  in  equilibrium,  the  effect  of  uncertainty 
is  to  cause  it  to  use  less  capital  and  to  produce  less  output 
than  it  would  under  certainty. 


Proof 

Rewrite  (104)  as 
3U  ..  3U  af 

which  is  just  (93)  with  in  place  of  and  q[r+(l-T )6]-q  , 
the  cost  of  capital  net  of  tax,  in  place  of  (1-t)w  , the  cost 
of  labor  net  of  tax.  Applying  the  technique  utilized  in  the 
proof  of  theorem  I I 1-5  gives 

which  is  analogous  to  (99).  But  if  the  firm  knew  with  certainty  i 

9 

that  output  price  would  be  p,  then  it  follows  from  (40)  that  j 

equality  would  hold  in  (106).  Since  > 0 , (106)  Implies  I 

that  uncertainty  has  the  effect  of  reducing  the  firm's  output  | 

and  its  use  of  capital.  Q.E.D. 

Collectively,  theorems  III-5  and  III-6  imply  that 
the  existence  of  uncertainty  causes  the  risk  averse  firm  to 
use  less  of  both  inputs,  and  therefore,  to  produce  less  output 


Corollary  I 11-6-1 


If  the  firm  modeled  in  (79)  exhibits  risk  neutrality  with  respect 


to  revenue  and  total  dividends  paid,  then  it  will  hire  capital 
beyond  the  point  at  which  the  expected  marginal  revenue  product 
of  capital  equals  the  cost  of  capital. 


Same  as  corollary  I I 1-5-1 


The  existence  of  uncertainty  causes  the  risk  averse 
firm  to  use  less  of  each  input.  The  question  remains  as  to 
whether  there  is  any  built-in  bias  against  one  of  the  inputs. 

Put  differently,  will  the  existence  of  uncertainty  force  the 
firm  off  the  expansion  path  characterized  by  (44)  for  the 
certainty  case?  The  answer  is  'no'.  To  demonstrate  this  result, 
which  is  contained  in  theorem  I I 1-7,  it  is  assumed  that  - 0 
so  that  the  effects  of  uncertainty  only  are  reflected  in  the 
results  (recall  from  section  B above  that  when  the  net  Income 
constraint  is  binding  the  firm's  expansion  path  may  change). 
Theorem  I I 1-7 

Regardless  of  the  firm's  attitude  toward  risk,  the  expected 
collective  utility  maximizer  modeled  In  (79)  will  have  the 
same  expansion  path  under  uncertainty  as  it  would  under  certainty 
provided  the  profit  constraint  is  not  binding. 


Proof 


To  prove  the  theorem  it  is  sufficient  to  show  that 


(44)  holds.  From  (85) 


EC3U  /3D](1-T)w 


(107) 


and  from  (105), 


3^  E[3U^/3D]*i 

^ “ fi[ (3ti^  /3fiip(e ) +‘  (3U^  /^DVd-T  )•  p(eT]  ’ 


(108) 


J 


where  1 = q(r  (l  - t)6)  - q (as  in  the  certainty  case). 
Combining  (107)  and  (108)  gives 


,L  . 3f/SK  . 

3K  3f/3L  E[3U^ /3D](1-t )w  1-t  w ‘ 


Q.E.D. 


Theorem  I I 1-7  may  appear  surprising.  One  might  suspect 
that  due  to  uncertainty  the  firm  would  try  to  hold  less  capital, 
and  instead  employ  relatively  more  labor  in  order  to  obtain 
greater  flexibility  in  its  use  of  inputs.  However,  when  the 
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market  for  capital  goods  is  perfect  and  investment  is  reversible, 
as  it  is  for  the  firm  modeled  in  (79),  the  firm  has  the  ability 
to  adjust  both  capital  and  labor  Instantaneously.  Also  the 
firm  is  assumed  to  reach  its  output  decision  prior  to  observing 
market  price.  Hence,  the  existence  of  uncertainty  does  not 
affect  the  input  mix,  given  this  output  decision. 

This  subsection  has  been  concerned  with  the  characterization 
of  the  equilibrium  position  of  the  firm  modeled  in  (79)  and 
with  the  effect  of  uncertainty  on  that  equilibrium  position. 

Nothing  has  yet  been  said  concerning  the  sensitivity  of  this 
multiperiod  equilibrium  to  changes  in  the  parameters  e , t , 
and  TT  . The  next  subsection  presents  this  sensitivity  analysis. 
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3.  Comparative  Dynamics  and  Comparative  Statics  Results 


i 

■ 


( 


This  subsection  explores  the  sensitivity  of  the  behavior 
of  the  expected  collective  utility  maximizer  modeled  in  (79) 
to  changes  in  several  key  parameters.  The  main  results,  which 
are  summarized  in  theorems  I I 1-8  and  I I 1-9,  are  shown  to  be 
analogous  to  results  obtained  earlier  for  the  certainty  case. 
Theorem  I I 1-8 

An  increase  in  e , the  probability  that  net  income  will  exceed 
, will  cause  the  firm  to  reduce  its  level  of  output  at 
each  time  t at  which  the  profit  constraint  is  (or  is  caused 
to  become)  binding. 

Proof 

Given  that  3f/3L  > 0 , to  prove  the  theorem  it  is 
sufficient  to  show  that  3L/3e  <0  . To  accomplish  this,  use 
(85)  to  define  the  function 

3 U 3 U 

G(L,e)  - It  • 


Note  that  when  the  profit  constraint  is  binding,  > 0 and 
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i 0 • can  also  be  shown  that  — < 0 and  < 0 • 

3L 

Then  since 


ar  3U  32, 

li  - )It]’  * ne-  po 

3*U 

oLi 


*u,  ^ « 0 . 

» 3L* 
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by  the  assumed  concavity  of  U and  f,  and  since 


3G  _ ^^1  3M 


Jc  3e  3L 


w + U 


3^M 

3L3e 


< 0 , 


it  follows  by  the  implicit  function  theorem  that 


3L  3G/3e  ^ „ 


Q.E.D. 


The  practical  Interpretation  of  theorem  III-8  is  that  if  the  firm 
should  become  more  risk  averse  in  the  sense  that  it  raises  e 
(thereby  reducing  the  probability  that  it  will  fail  to  generate 
net  income  at  least  as  great  as  it  will  find  it  necessary 

to  reduce  output  accordingly. 

The  second  main  result  developed  in  this  subsection 
concerns  the  derivation  of  a Hicks-Slutsky-type  equation  similar 
to  (69)  and  (70),  which  were  developed  in  subsection  5 of 
section  B for  the  certainty  case.  While  the  form  of  the  equation 
becomes  somewhat  more  complicated  under  uncertainty,  the 
interpretation  of  the  equation  is  similar.  This  second  main 
result  is  proved  as  theorem  I I 1-9  and  the  special  case  of  risk 
neutrality  is  presented  as  a corollary. 

Theorem  II 1-9 

If  the  utility  function  and  the  production  function  f are 
both  strictly  concave,  then  the  effect  of  a change  in  the  tax 
rate  x on  the  equilibrium  level  of  total  sales  revenue  when 
both  total  sales  revenue  and  managerial  emoluments  are  permitted 
to  vary  and  when  the  profit  constraint  is  binding  can  be  expressed 
as  the  resolution  of  three  effects,  one  of  which  can  be 
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-■ttllll 


interpreted  as  a substitution  effect 


one  of  which  can  be 


interpreted  as  an  income  effect,  and  the  third  of  which  can 


be  interpreted  as  a cross  substitution  effect,  with  the  first 


and  third  being  negative  and  the  second  one  being,  in  general 


positive 


As  in  the  certainty  case,  write  the  necessary  conditions 
for  the  optimization  problem: 


maximize 


(109) 


subject  to  M(L,  K,  it  , e)  - M(t)  » 0 


where  the  level  of  investment,  I,  is  treated  as  fixed.  The 


necessary  conditions  for  an  optimal  solution  to  problem  (109) 


are  (85)  and  (87)  together  with  the  constraint  in  (109) 


(110) 


Also  as  in  the  certainty  case,  define  the  bordered  Hessian  H by 


3g/3U 

a^H/dLdii 


3g/3L 

3*H/3L* 

3^H/31i3L 


3g/3L 

3g/31i 


where  g(L,  II)  = ll(L,  K,  ir^,  c)  - ll(t).  The  eleme 
shown  in  table  III- 4.  It  is  easily  verified  that 


det  H 


a*u 


Ie<-®  - »>>•■") 

oD 


-rt 


au 


a*u 


af . 


au 


aL 


aR 


111 

aL* 


a*U  a ^11 

+ ^ {(l-T)(p-|f  - w)}*]e“*^  - ;■ 

ao* 


‘ aL* 


au  ^ u a*u  _ 

- (|?)*E[ ‘-(1-T)*  + »■]  e ” > 0 , 

an*  au* 


(111) 
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provided  E{ *-(1-t )*(P‘|f  - w)}  <0  , Thus,  by  the  implicit 

ao* 


function  theorem,  equations  (110),  (85),  and  (87)  can  be  used 
to  obtain  functions 


U - M (T,  It  ) 
1 I O 


L “ L(T,  TT^) 


Md,  it^) 


that  are  continuously  differentiable  for  all  (t,  tt^)  in  some 

A A 

neighborhood  of  (t,  ir^)  at  which  det  H > 0 and  that  satisfy 


where  the  carat  denotes  the  optimal  values  satisfying  (110), 

(85),  and  (87).^^®  Treating  u^,  L,  and  II  each  as  a function 
of  T and  and  partially  differentiating  (110),  (85),  and 
(87)  with  respect  to  x leads  to  the  matrix  equation 

/au^/axl  I 

[H  ] 3L/3t'  - I E[(3U^/3D)(p(e)|J  - w)]e"'^;  (112) 

\ 9U/9xj  \ -EC  3Uy3D]e‘^^  / . 

Denote  E[( 3U^ /3D)(p(e )|^  - w)]e"'*^  by  a and  -EC3U^/3D]e”*'^ 
by  0 . Note  that  0 < 0,  but  that,  unlike  the  certainty  case, 
the  sign  of  a is  indeterminate.  However,  by  analogy  with  the 
certainty  case,  it  is  reasonable  to  expect  that  in  general 
a < 0 as  well.^^®  Rewriting  (112)  as 
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( 


[H  ] 


Um  /3t' 

i i 

3L/3t  i 
\ 3M/3t 


/o\ 


/o\ 


\ I \ I 

\ 

O'  + o ill  + e ' 0 


(113) 


\0 


and  solving  for  the  vector  of  partial  derivatives  with  respect 
to  T in  (113)  yields 

I l ■ ' 

‘1  'O'  0 \ 


th\i  /3t, 

1 I 


! 3L/3T 


I 


° , 0 


+ aH 


-1 


1 I + ‘o  i (114) 


(1-T)* 

' ' ' 

\ 311/31  0 .0  1 . 

To  facilitate  the  interpretation  of  (114),  next  partially  differentiate 
(110),  (85),  and  (87)  with  respect  to  to  obtain 


! 1/(1-T) 

1 

/3w^/3Tro’ 

1/(1-T) 

[H  ] * 3L/3it^. 

m 

0 

1 

1 

3L/3ii^ 

- 0 

(115) 

\ 3M/3ir^' 

0 

1 

i 31l/3x^. 

\ 0 

• 

Substituting  (115) 

into  (114) 

gives 

3u  /3t 

1 

3w^/3iTo 

\ 

3L/3t 

n 

o 

IT? 

1 

j 3L/3x^ 

' + aH~^  1 1 

.1  ' > 

+ 6H  ^ 0 , 

(116) 

3M/3t 

\ 311/ 3^0 

\0 

1 

which  is  analogous  to  (67)  for  the  certainty  case.  From  (116), 


3L  . o 3L  . „„-l  . o„-l 

7T  rr  TiT  ^ 22  ^ 23  ' 

o 


which  is  analogous  to  (68)  for  the  certainty  case. 


(117) 


1^ 
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From  table  III-4, 


With  these  expressions  for  H 


(117)  becomes 


o ^ _ E[OUy3D)(p(9)|^  - w)]e 


(3U/3L) 


It  follows  from  (110)  that  3L/3it  < 0 


term  in  (118)  is  negative.  It  follows  from  the  fact  that 


in  general  ,E[(  3U^/3D)  (p(0)-^  - w)]  < 0 that  the  second  term 
in  (118)  is  in  general  positive.  Since  E[ 3U  /3D]  > 0 and 

A 

311/ 3L  < 0 , it  follows  that  the  third  term  in  (118)  is  negative 


Corollary  I I 1-9- 1 


Under  risk  neutrality  the  qualification  'in  general*  can  be 


dropped  from  the  interpretation  of  the  second  term  in  (118) 


Proof 


From  corollary  I I 1-5-1 
some  k > 0 , EC(3U  /3D)(p(0).i 


In  interpreting  theorem  III-9  and  corollary  III-9-1 
it  should  be  noted  that  the  Hicks-Slutsky-type  equation  (118) 
is  expressed  generically  by  equation  (72),  which  furthers  the 
analogy  between  theorems  I I 1-4  and  I I 1-9  for  the  certainty 
and  uncertainty  cases,  respectively.  The  Importance  of  theorem  I I 1-9 
and  the  accompanying  Oorollary  I I 1-9-1  is  the  demonstration 


that  under  uncertainty  the  expected  collective  utility  maxlmlzex 
will  respond  to  a change  In  either  or  t In  a manner  qualitatively 
the  same  as  Its  response  to  each  such  change  under  certainty. 

4.  Section  Summary 

This  section  has  extended  the  model  of  the  firm  developed 
In  the  previous  section  to  Incorporate  uncertainty.  It  was  shown 
that  the  existence  of  uncertainty  causes  the  risk  averse  firm 
to  use  less  of  both  inputs  and  to  produce  less  output  ( theorems 
I I 1-5  and  I I 1-6),  but  does  not  induce  a change  in  the  expansion 
path  (theorem  I I 1-7).  It  was  also  shown  that  an  increase  in 
c,  the  probability  that  net  income  will  exceed  , will  tend 
to  cause  the  firm  to  reduce  output  (theorem  I I 1-8)  and  that 
a change  in  either  or  t will  elicit  the  same  qualitative 
response  under  uncertainty  as  it  did  under  certainty  (theorem 
III-9)  ) 

D.  RECX)NCILING  PROFIT  MAXIMIZATION  AND  MANAGERIAL  UTILITY 

MAXIMIZATION:  THE  TWO-STATE  CASE 


The  main  purpose  of  this  chapter  is  to  model  the  behavior 
of  the  firm  over  the  business  cycle  and  to  demonstrate  that, 
depending  on  the  state  of  the  firm's  immediate  operating  environment 
(or  loosely,  the  state  of  the  business  cycle),  the  firm  may 
alternate  between  modes  of  traditional  and  managerial  behavior. 

This  section  presents  a simple  two-state  Markov  model  of  the 
behavior  of  the  firm  over  the  business  cycle.  In  the  next  section 
the  basic  theoretical  model  developed  in  sections  B and  C of 
this  chapter  is  adapted  to  incorporate  the  effects  of  the  business 
cycle  and  the  number  of  states  of  the  firm's  operating  environment 
is  permitted  to  be  arbitrary. 
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O.E.  Wllllainsoii  has  developed  a Markov  model  in  which  two 
states  of  the  environment  were  hypothesized  and  in  which  managers 


( 


could  select  either  of  two  modes  of  behavior:  managerial 
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utility  maximizing  behavior  or  profit  maximizing  behavior. 

The  firm's  transition  from  one  state  of  the  environment  to  another 
was  modeled  as  a nonstationary  Markov  process  in  which  the 
transition  probabilities  were  dependent  on  the  mode  of  behavior 
selected,  as  well  as  on  the  current  state  of  the  firm's  environment. 
Williamson  showed  by  numerical  example  that  systematic  shifts 
between  inodes  of  behavior  can  occur,  depending  on  the  state 
of  the  environment . 

Albin  and  Alcaly  have  described  a model  in  which  corporate 

managers  choose  between  growth  maximizing  policies  and  profit 

maximizing  policies  and  in  which  the  state  of  the  environment 
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is  indicated  by  the  macroeconomic  rate  of  growth.  Their 
node!  is  mainly  concerned  with  the  interactions  between  the  policy 
choices  of  individual  firms  and  how  these  policy  choices  determine 
the  general  equilibrium  macroeconomic  growth  rate  (and  how 
expectations  concerning  the  macroeconomic  growth  rate  affect 
these  policy  choices).  Though  their  model  shows  that  it  is 
"reasonable  and  appropriate  for  the  same  firm  to  be  apparently 
management  motivated  at  one  time  and  owner-interest  motivated 
at  another, the  level  of  abstraction  at  which  the  individual 
firm  is  treated  obscures  the  workings  of  the  mechanism  by  which 
systematic  shifts  in  objectives  take  place. 

It  is  this  writer's  view  that  Williamson  and  Albin  and 
Alcaly  are  correct  in  asserting  that  the  typical  large  firm's 
mode  of  behavior  adjusts  to  the  state  of  the  firm's  operating 
environment.  During  the  downswing  in  the  business  cycle 
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sales  and  profits  tend  to  fall,  firms'  financial  positions 

tend  to  worsen,  atvd  firms  try  to  divest  themselves  of  unprofitable 

134 

or  marginally  profitable  operations.  In  terms  of  the  model 

of  the  firm  developed  in  sections  B and  C of  this  chapter, 

under  severe  business  conditions  the  profit  constraint  is  not 

satisfied,  and  firms  are  forced  to  behave  as  profit  maximizers 

(i.e.  the  traditional  mode  of  behavior).  During  the  upswing 

in  the  business  cycle  the  state  of  the  firm's  operating  environment 

is  much  more  favorable.  Sales  and  profits  are  increasing,  firms' 

financial  positions  tend  to  Improve,  and  firms  become  more  sales- 

135 

and  growth-oriented.  In  terms  of  the  model  developed  in 

sections  B and  C of  this  chapter,  under  favorable  business  conditions 
the  profit  constraint  is  easily  satisfied,  and  firms  have  greater 
discretion  to  pursue  managerial  objectives. 


1.  The  Two-State  Harkov  Model 

To  model  the  cyclical  pattern  of  behavior  just  described, 
assume  there  are  just  two  possible  states  of  the  firm's  operating 
envirnoment,  one  being  prosperity  (or  the  'upswing'  denoted 
by  H)  and  the  other  being  adversity  (or  the  'downswing'  denoted 
by  L).  Let  time  be  measured  in  discrete  periods  denoted  by 
t.  During  each  period  t the  state  of  the  firm's  operating 
environment  must  be  either  H or  L.  Also  during  each  period, 
there  is  some  maximum  level  of  total  profit  . The  actual 
level  of  total  profit,  , depends  on  the  firm's  operating 
posture.  Define  x^  - • Then  \ where  \ ^ 

indicates  the  choice  of  a traditional  operating  posture.  That 
is  ■ 1 implies  that  total  profit  is  being  maximized,  , 

and  the  firm  is  employing  those  operating  policies  that  would  be 

adopted  by  a short  run  profit  maximizer.  During  each  period 
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there  is  aleo  some  minimum  required  level  ol  total  profit, 

, which  is  assumed  known  with  certainty.  Define  ' 

When  the  firm  is  said  to  have  chosen  a managerial  operating 

posture.  That  is,  x^  > x^  implies  that  total  profit  is  not  being 
maximized  (unless  and  in  view  of  the  sacrifice  of 


total  profit  inherent  in  the  pursuit  of  managerial  objectives 
(as  discussed  throughout  this  chapter),  the  firm's  behavior 


when  it  selects  x 


It  follows  from  the  foregoing  that  the  firm's  choice  of  operating 
posture,  X.  , must  satisfy  the  double  constraint 


(119) 


where  X is  a continuous  variable  and  where  values  of  x,.  such 


< X.  < 1 indicate  varying  degrees  of  traditional  and 


that  X 


managerial  behavior  between  the  two  extremes  (x 


pure 


traditional  and  x 


pure'  managerial) 


It  is  assumed  that  the  firm's  transitions  from  one  state 


of  the  environment  to  another  follow  a Harkov  process.  That 


is,  a transition  from  either  state  at  time  t to  either  state 


at  time  t 1 is  (in  each  case)  a function  of  the  state  and  the 


firm's  choice  of  operating  posture  at  time  t only  and  is  independent 


of  the  firm's  prior  history.  The  transition  probabilities 


which  are  written  as  explicit  functions  of  the  firm's  current 
choice  of  operating  posture,  are  arrayed  in  the  transition 


probability  matrix  shown  in  table  I I 1-5 


Table  III-5  Transition  Probability  Matrix  for  a 
Two-State  Markov  Decision  Process 


» 


It  is  assumed  that  all  four  transition  probabilities  are  strictly 
positive.  The  transition  probability  matrix  is  stochastic; 
that  is, 


(120) 


It  is  assumed  that 


asT  PLL^^t)  ^ 0 


dx*  *'HL 


(Xt)  < 


(121) 


According  to  (121)  the  more  traditional  the  firm's  current  choice 
of  operating  posture,  the  less  is  the  likelihood  of  a transition 
to  state  L,  and  correspondingly,  by  (120),  the  greater  is 
the  likelihood  of  a transition  to  state  H.  The  rationale  under- 
lying (121)  is  that  adopting  the  managerial  posture,  and  in 
so  doing  increasing  sales  and  managerial  emoluments  beyond  the 
respective  profit-maximizing  levels,  tends  to  shrink  future 
choice  sets,  and  thereby  Increase  the  likelihood  of  adversity 
setting  in.^^® 

The  firm's  policy  choices,  as  embodied  in  x^  , determine 
not  only  the  transition  probabilities,  but  also  the  returns, 
which  are  arrayed  in  the  return  matrix  shown  in  table  III-6. 

Table  1 1 1-6  Return  Matrix  for  a Two-State 

Harkov  Decision  Process 


R - 


(x^) 


The  return  U. .(x^)  expresses  the  collective  utility  resulting 
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from  the  choice  of  current  operating  posture  x^  when  the  firm 
transitions  from  state  1 to  state  J.  It  is  assumed  that 


I 

\ 


all  returns  are  positive  and  that  lor  each  choice  of  posture,  x , 

^ ^ ^HH^*t^  * (122) 

The  rationale  underlying  (122)  Is  that,  regardless  of  the  posture 
chosen,  the  firm  Is  better  off  In  the  sense  of  having  achieved 
a higher  Immediate  level  of  collective  utility  If  It  transitions 
to  H than  If  It  transitions  to  L.  In  addition,  It  Is  assumed 
that  for  all  x^  , 

g|-Uij(Xt)  <0  1-L,  H;J-L,  H.  (123) 

t 

The  rationale  underlying  (123)  Is  that  the  level  of  collective 

utility  In  the  current  period  would  always  be  enhanced  If  the 

firm  were  to  adopt  a more  managerial  (and  less  traditional) 

posture.  This  treatment  of  the  relative  Immediate  returns 

from  the  alternative  modes  of  behavior  Is  consistent  with 

Williamson's  assumptions  concerning  the  relative  returns  from 
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'pure'  traditional  and  'pure'  managerial  behavior.  As 
In  the  Williamson  model.  It  will  be  shown  below  that  consideration 
of  the  future  Implications  of  the  current  policy  choice  by  the 
firm  will  prevent  the  flirm  from  always  assuming  a managerial 
operating  posture,  and  may  In  fact  cause  the  firm's  behavior 
to  alternate  systematically  between  the  two  'pure'  modes  of 
behavior.  But  unlike  the  Williamson  model,  the  model  developed 
below  allows  for  Intermediate  modes  of  behavior  that  the  firm 
may  exhibit,  depending  on  the  nature  of  the  matrices  P and  R. 


2.  The  Behavior  of  the  Firm  Over  Time 

Given  the  matrices  P and  R,  the  firm's  choices  of  operating 

138 

postures  over  time  are  modeled  as  a Markov  decision  process. 

Let  r denote  the  firm's  rate  of  discount,  which  is  assumed  to 
remain  constant  over  time,  and  let  denote  the  expected  present 
value  of  returns  resulting  from  all  remaining  transitions  over 
the  remainder  of  the  planning  period  (t,  ...  , T)  given  that 
state  i is  occupied  at  the  end  of  period  t - 1.  The  expected 
present  value  of  returns  can  be  expressed  in  the  following 
recursive  form; 


(124) 

* ^ ^T+r^^+l^  ’ 

where  1 ® L,  H and  t ■ 1,  ...  , T and  where  a^nd 

are  independent  of  x^  by  the  Markov  property.  The  firm's  decision 
problem  for  each  time  x,  t»1,  ...  , T,  is  modeled  as: 


maximize 

,X,p} 


(125) 


subject  to  x^  £ x^  £ 1 , t ■ T , . . . , T 


The  solution  to  problem  (125)  can  be  obtained  by  decomposing 
problem  (125)  into  the  sequential  optimization  problem; 


maximize 


uf  - maximize  ? P^ 4(x, )[  ^(x_)  + 

^ {x,}  3 T IJ  T 


{x 


max 

T+1'  * ' ' 


r 


(126) 


subject  to  x^  £ x^  £ 1 , t - T , . . . , T 
The  use  of  decomposition  is  justified  by  the  following  lemma. 
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Lemma  I I 1-3 


The  optimal  solution  to  problem  (126)  Is  also  the  optimal  solution 
to  problem  (125). 

Proof 

To  prove  the  lemma  it  must  be  shown  that  both  the  separability 

condition  and  the  monotonicity  condition  (l.e.  Mitten's  condition) 

139  1 

are  satisfied.  Since  is  a function  of  •••  . x-p 

only  (by  the  Markov  property),  separability  is  assured.  Since 
the  transition  probabilities  Pij(Xt^  strictly  positive 
by  assumption,  is  a monotonically  nondecreasing  function 
of  U'^,<  for  every  x , and  thus  Mitten's  condition  is  satisfied 
also.  Q.E.D. 


Denote  by  the  solution  to  the  problem 

maximize  ^t+1 

^*T+1 *T^ 

(127) 


subject  to  — *t  — ^ ^ * T+1,  ...  , T 

*'1. 

Note  that  for  all  t since,  by  definition,  H represents 

the  more  favorable  state  of  the  firm's  operating  environment, 
and  hence,  permits  the  firm  the  greater  degree  of  discretion 
in  the  selection  of  its  operating  posture.  Substituting  (127) 
into  (126)  the  latter  becomes 


maximize 


E * <rf? 


(128) 


subject  to  x^<  1 , 

which  is  solved  for  each  time  t,  t-1 T.  In  obtaining 

(128),  decomposition  was  used  to  express  the  expected  present 

value  of  total  returns  over  the  planning  period  as  a function 

of  inanedlate  returns  U. .(x  ) and  the  optimal  discounted  value 

X J T 
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of  future  returns,  (3;^)Ux+i  • 1°  particular,  note  that  the 

current  policy  decision,  , affects  immediate  returns  through 
Uj^j(x^)  as  well  as  future  returns  through  ^ ‘ 

To  characterize  the  solution  to  (128),  form  the  Lagrangian 


+P,h(x,)[Oi„(x^)  + 


(129) 


+ A^(l-x^)  + A^(x^-x^)  . 

The  Kuhn-Tucker  conditions  for  an  optimal  solution  to  (128), 
which  are  obtained  by  taking  the  appropriate  derivatives  of 
(129),  are: 


dU 


iL 


iL  dx. 


^ t “IL  " ‘IT?) 


T+1 


du,„ 

]+  p.„  iH 


'iH 


dx. 


dXx 

‘ “iH  * 'ro) 

(130) 

A.d  - 

X) 

= 0 

X < 1 

X >0 

1 — 

(131) 

X (x  - 
2 

X) 

* 0 

X < X 

X < 0 

2 — 

(132) 

To  interpret  necessary  conditions  (130)  - (132)  three  cases 

are  distinguished  depending  on  whether  or  not  « 0 and  X^  « 0 

(note  that  either  or  both  must  be  zero). 

case  (i):  X <0  (managerial  behavior). 

2 

From  (132),  x - x,  and  then  from  (131),  X^  » 0.  From 


(130), 


dU 


IL 


'IL  dx. 


OPu, 

3x  ” 


[U 


iL 


‘i^) 


^T+l-* 


dU 


IH 


PiH  dx. 


£pih 

dXx 


Cu 


IH 


^t+l-* 


(133) 


The  Interpretation  of  (133)  is  that  the  expected  value  of 
discounted  returns  could  be  increased  were  it  not  for  the  profit 
constraint  preventing  the  firm  from  adopting  a more  managerial 
posture. 

case  (ii):  X >0  (traditional  behavior). 

1 

From  (131),  x * 1,  and  then  from  (132),X  ■ 0.  From 

2 

(130),  the  Inequality  in  (133)  is  reversed,  which  is  interpreted 
to  mean  that,  not  only  is  the  firm  maximizing  current  period 
total  profit,  but  the  expected  value  of  discounted  returns  could 
be  Increased  if  somehow  sales  revenue  and/or  managerial  emoluments 
could  be  traded  for  additional  profit. 


case  (iii): 


X “0  (the  intermediate  case). 


In  this  case  equality  holds  in  (133)  and  U is  an  un- 

T 

constrained  maximum.  Greater  insight  is  achieved  by  rearranging 
terms  in  (133)  - reexpressed  as  an  equality  - to  obtain; 


. (lij)  0^,^]  * 0^,,] 

T T 

PiL  ~Sx:^  PiH  “3x7^  • 


(134) 


It  is  shown  below  in  theorem  III-IO  that  the  expression  on  the 
left-hand  side  of  (134)  must  be  positive  whether  1 - L or 
i > H,  and  it  is  further  shown  in  theorem  III-IO  that  the  expression 
in  braces  on  the  right-hand  side  of  (134)  must  be  negative  whether 
i > L or  i - H.  The  left-hand  side  of  (134)  can  be  interpreted 
as  the  marginal  value  of  adopting  a more  traditional  operating 
posture  (l.e.  increasing  x^),  which  is  expressed  in  terms  of 
the  impact  on  the  present  value  of  discounted  total  returns 
of  an  increased  likelihood  of  transitioning  to  H.  The  right- 


f 

\ 


I 


hand  side  of  (134)  can  be  Interpreted  as  the  negative  of  the 
marginal  cost  of  adopting  a more  traditional  operating  posture, 
which  is  expressed  in  terms  of  the  expected  decrease  in  Immediate 
returns  resulting  from  such  a change  in  posture.  Thus,  (134) 
is  the  familiar  marginal  value  equals  (in  absolute  value)  marginal 
cost  necessary  condition  for  optimality,  this  time  applied  to 
the  choice  of  optimal  operating  posture.  Moreover,  the  nature 
of  the  'marginal  value'  and  'marginal  cost'  make  clear  the  trade 
off  that  must  be  made  between  the  improved  likelihood  of  transitioning 
to  the  more  favorable  state  of  the  environment  on  the  one  hand 
and  increased  immediate  returns  on  the  other. 

Cases  (1)  and  (ii)  suggest  that  under  certain  conditions 
the  firm's  optimal  operating  posture  would  alternate  between 
the  managerial  mode  of  behavior  and  the  traditional  mode  of 
behavior.  This  is  stated  formally  as  the  following  theorem: 

Theorem  I I I- 10 

dU-L  dU.j, 

Define  + p^^g  and  define 


0.  = 


dp 


iL 


dx. 


[U 


iL 


( 1 


dp 


IH 


dx. 


Cu 


IH 


For 


i » L,  H,  < 0 and  >0.  If  > 0 and  dg 

then  the  firm's  behavior  will  alternate  systematically  between 
the  traditional  and  managerial  modes,  being  managerial  in  H 
and  being  traditional  in  L. 

Proof 

From  (123),  dU, ./dx  < 0.  Since  the  transition  probabilities 
1 j ' T 

are  strictly  positive  by  assumption,  it  follows  that  < 0, 

1 - L,  H.  From  (120)  and  (121),  dp^^^/***!  “ " ^ 


» 

) 
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Hence,  0^  - C(U^H  - U^l)  + From 

(122)  and  the  fact  that  follows  that  0^  > 0, 

i « L,  H. 

If  + 0^  > 0,  then  the  inequality  in  (133)  is  reversed 

and  case  (il)  applies.  The  firm  adopts  the  traditional  operating 
posture.  If  Uji  + 0JJ  < 0,  then  (133)  holds  and  case  (1)  applies. 

The  firm  adopts  the  managerial  operating  posture.  Q.E.D. 

The  importance  of  theorem  III-IO  is  that  it  shows  first, 
that  the  marginal  value  of  adopting  a more  traditional  operating 
posture,  0j^  , is  positive  whether  i ■ H or  i ■ L and  that  the 
marginal  cost  of  adopting  a more  traditional  operating  posture, 

, is  negative  whether  i ■ H or  i > L;  and  second,  that 
the  firm's  behavior  may  alternate  systematically  between  the 
traditional  and  managerial  modes.  If  H is  interpreted  as  the 
upswing  portion  of  the  business  cycle  and  if  L is  interpreted 
as  the  downswing  portion  of  the  business  cycle,  then  theorem  III-IO 
is  interpreted  to  mean  that  the  firm  will  act  in  accordance  with 
the  managerial  theories  during  the  upswing  and  will  act  in 
accordance  with  the  traditional  theories  during  the  downswing. 

3.  Section  Summary 

This  section  has  generalized  the  model  of  O.E.  Williamson 
and  has  shown  how  the  behavior  of  the  collective  expected  utility 
maximizer  may  vary  systematically  over  the  business  cycle. 

It  was  shown  (in  (133))  that  when  the  firm's  behavior  does  not 
oscillate  between  these  two  extremes,  the  firm  is  balancing 
the  marginal  value  of  a change  in  operating  posture  against  the 
(absolute  value  of  the)  marginal  cost  of  a change  in  operating 
posture.  It  was  also  shown  (theorem  III>10)  that  oscillation 


1 


I 


between  these  two  extremes  results  when  marginal  value  is 
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greater  than  (less  than)  marginal  cost  In  absolute  value  for 
all  feasible  operating  postures  In  state  L (state  H).  The  next 
section  demonstrates  similar  results  for  the  basic  theoretical 
model  developed  In  sections  B and  C of  this  chapter. 


E.  RECONCILING  PROFIT  MAX I If  I ZAT I ON  AND  MANAGERIAL  UTILITY 

MAXIMIZATION:  THE  BEHAVIOR  OF  THE  FIRM  OVER  THE  BUSINESS 

CYCLE 


In  this  section  the  model  of  the  firm  developed  In  sections 
B and  C of  this  chapter  Is  used  to  characterize  the  behavior 
of  the  firm  over  the  business  cycle.  The  two  main  results 
are  stated  as  theorems  III-ll  and  I I 1-12,  the  former  characterizing 
the  firm's  behavior  when  future  changes  In  the  state  of  the 
firm's  operating  environment  are  known  with  certainty  and  the 
latter  characterizing  the  firm's  behavior  under  uncertainty. 

Let  the  parameter  8 denote  the  state  of  the  firm's  operating 
environment.  It  Is  again  assumed  that  the  firm  acts  as  a price 
taker  In  all  possible  states  of  the  environment.  It  Is  also 
assumed  that  changes  In  the  state  of  the  environment  are 
Instantaneously  reflected  In  changes  In  the  price  of  output 
p,  so  that  p ■ p(9^),  where  6^  denotes  the  state  of  the  firm's 
operating  environment  at  time  t.  If  It  Is  assumed  that  more 
favorable  states  of  the  environment  are  associated  with  higher 
product  price,  then  dp/d6  > 0 for  all  8. 

The  business  cycle  Is  Interpreted  In  terms  of  variations 
In  8 as  a sequence  of  periods  In  which  6 is  alternatively 
rising  and  falling.  During  the  upswing  the  firm's  operating 
environment  becomes  more  favorable,  and  8 and  p Increase. 

During  the  downswing  the  firm's  operating  environment  becomes 
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less  favorable,  and  6 and  p decrease.  Theorem  III-ll  characterizes 
the  behavior  of  output  (as  reflected  In  changes  In  labor  usage, 

L),  Investment,  and  managerial  emoluments  over  the  business 
cycle. 

Theorem  III-ll 

For  the  collective  utility  maximizer  modeled  In  (11),  both 

Investment  and  managerial  emoliunents  vary  systematically  over 

the  business  cycle:  Increasing  during  the  upswing  and  decreasing 

during  the  downswing.  Total  output  follows  the  same  pattern 
« 3(3U  /3R) 

provided  - ^ < 1 at  the  margin. 

1 ' 

Proof 

To  prove  the  first  statement  It  Is  sufficient  to  show  that 
dl/d6  > 0 and  dll/d6  > 0.  Necessary  condition  (19)  Implicitly 
defines  I as  a function  of  6.  By  the  Implicit  function  theorem. 


dl 


0»Uy3D»)(l-T)p*(e)  f(K,  L)(-q(t))e 


-rt 


(3*Uy3D*)[q(t)]*e 


-rt 


> 0 


By  the  same  argument  applied  to  (20), 


(135) 


dM 

IS 


(3»U  /3DM(l-T)^p'(e)f(K,  L)(-l)e 


-rt 


[(3*uy3D*)(l-T)*  ♦ (3*U^/3M*)]e 


-rt 


> 0 


(136) 


To  prove  the  second  statement  It  Is  sufficient  to  show  that 
„ 3(3U  /3R) 

dL/de  > 0 when  - follows  from  (18) 

and  the  Implicit  function  theorem  that 


(137) 


where 


3*L 


■3l^ 


t . 


3*U,  3U  a#  ♦ 

[ j.p«f(K,  L)  + -Jip  ] P' ( ®)'3C  ® 

3R 


3U  ^ a# 

*(-3ir  « ♦ M,)(i-T)p'(e)« 


3*U 


+ — i(l-T)^p-(0)f(K,  L)(p-^  - w)e 
3D*  ^ 


> 0 , 


-rt 


provided 


3*U  3U 

-i.p-  f(K,  L)  + 


3R' 


3*U 
1. 

3R* 


3U 

^ * ST  ^ ^ • 


(138) 


and  where 


3*L 


ILlI 


3*U 


3f 


3L‘ 


an*  3L*  3D* 


+ ^(l-T)p.-ii^]e"''^  + u (l-T)p.^ 
3L*  * 3L* 


(139) 


< 0 . 

Combining  (138)  and  (139)  gives  the  desired  result.  Q.E.D. 

The  significance  of  theorem  III-ll  is  that  the  behavior 

of  the  collective  utility  maximizer  varies  systematically  over 

the  business  cycle.  During  the  upswing,  with  price  increasing, 

its  opportunities  for  exercising  managerial  discretion  increase. 

In  particular,  managerial  emoluments  increase.  At  the  same 

time,  both  total  revenue  and  Investment  increase,  and  with 

X fixed,  the  firm  can  Increase  revenue  and  managerial  emoluments 
o 

while  still  satisfying  the  profit  constraint.  Moreover,  the 
increased  investment  signifies  growth,  which  is  an  important 


I 
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source  of  managerial  utility.  It  is  also  possible  - and  Indeed 
likely  - that  the  fli*m  will  also  increase  dividend  payments 
to  shareholders  so  that  they  benefit  from  the  improved  business 
environment  as  well. 

During  the  downswing,  however,  price  falls  and  managers' 

discretion  to  pursue  their  own  objectives  decreases  as  the 

need  to  generate  sufficient  earnings  to  meet  the  profit  constraint 

becomes  Increasingly  important.  In  particular,  managerial 
140 


emoluments  fall. 


This  notion  of  a shrinking  opportunity 


set  for  managers  is  best  illustrated  by  reexpressing  the  minimum 
net  income  constraint  (7)  as  a constraint  on  managerial  emoluments, 
as  was  done  in  section  C.  This  procedure  leads  to  the  constraint 


M < p(o)*f(K,  L)  - wL  - qdK  - 

= M(K,  L,  tr^,e)  . 


(140) 


From  (140)  it  is  easily  seen  that  3M/39  » p'(0)f(K,  L)  > 0. 

A 

During  the  upswing  M Increases  with  6 and  so  does  the  degree 

A 

of  managerial  discretion,  while  during  the  downswing  M decreases 
with  6 and  so  does  the  degree  of  managerial  discretion. 

Before  proving  the  second  main  result  of  this  section,  the 


requirement  that 


3(3U  /3R) 


(141) 


at  the  margin  in  theorem  III-ll  deserves  comment.  The  left- 
hand  side  of  (141)  can  be  interpreted  as  the  elasticity  of  the 
marginal  utility  of  total  revenue  with  respect  to  a change 
in  total  revenue.  According  to  theorem  III-ll,  output  will 
vary  cyclically  if  the  elasticity  of  the  marginal  utility  of 
total  revenue  with  respect  to  a change  in  total  revenue  is  less 
than  one  at  the  margin.  If  the  Inequality  in  (141)  is  reversed. 


s I ; r Y' * • 


however,  output  may  fall  as  the  firm's  operating  environment 


p Improves  - i.e.  output  may  behave  countercycllcally . This 

happens  when  > ^ is  'large',  which  means  that  the  marginal 

utility  of  revenue  is  falling  'rapidly'.  In  effect,  then,  rapidly 
falling  marginal  utility  of  revenue  causes  the  firm  to  restrain 
the  rate  of  growth  of  revenue  so  that  dividends  and  managerial 
emoluments  (which  are  relatively  more  important  at  the  margin 
due  to  the  rapid  decrease  in  3U^/dR)  can  be  increased.  The 
direction  of  the  inequality  in  (141)  can  be  viewed  as  an  indicator 
of  whether  this  shift  in  objectives  has  occurred. 

The  second  main  result  of  this  section  is  stated  as  the 
following  theorem: 

Theorem  I I 1-12 

For  the  expected  collective  utility  maximizer  modeled  in  (79), 
both  investment  and  managerial  emoluments  vary  systematically 
over  the  business  cycle:  increasing  during  the  upswing  and 
decreasing  during  the  downswing.  Total  output  follows  the 
same  pattern  provided 

3*U  3U 

E{[ R + + J-(l-T)*f(K,L)[(p(e)  Y)|^  - w]}e‘*’^  > 0 , 

aR  aD 

where  y iB  z shift  parameter. 


♦ 


Remark 

In  section  C the  parameter  6 was  used  to  denote  the  distribution 
of  p at  each  time  t.  To  indicate  the  change  in  the  firm's  operating 
environment  under  uncertainty  the  additive  shift  parameter 
Y is  added  to  p(6).  This  has  the  effect  of  shifting  the  entire 
probability  distribution  of  p without  altering  its  shape. 
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After  adding  the  shift  parameter,  price  is  given  by  p ■ p(e  ) -*’  y • 
Proof  of  Theorem  I I 1-12 


The  method  of  proof  is  similar  to  that  used  in  proving 


theorem  III-ll.  It  follows  from  (86)  and  the  implicit  function 


theorem  that 


and  it  follows  from  (87)  and  the  implicit  function  theorem  that 


It  follows  from  (85)  and  the  Implicit  function  theorem  that 


(143) 


w]}e“*^^  + M 0*M/3L3y) 


provided 


(l-T)*f(K.L)C(p(0)  ♦ Y) 


and  where 

3*L.. 


3*U 


au 


3*f 


3*U 


3f 


3L’ 


3L 


3D" 


(145) 


3U 


3*f i _-rt 


+ p^(3*M/3LM  < 0 


Combining  (143)  and  (145)  gives  dL/dy  > 0.  Q.E.D. 

It  should  be  noted  that  (144)  is  analogous  to  (141),  though 

the  latter  is  more  complicated  in  form  due  to  the  presence  of 

the  expectations  operator  and  due  also  to  the  fact  that 
d f 

(pO)  + “ w < 0 cannot  be  assured  under  uncertainty. 

This  section  has  modeled  the  behavior  of  the  firm  over 
the  business  cycle.  As  in  the  two-state  model  developed 

in  section  D,  it  was  shown  that  the  behavior  of  the  firm  varies 
systematically  over  the  business  cycle.  The  importance  of  these 
results  (theorems  III-ll  and  III-12)  is  that  they  suggest  a 
possible  reconciliation  of  the  traditional  and  managerial  theories 
of  the  firm.  During  the  upswing  managers  have  relatively 
more  discretion  than  they  do  during  the  downswing,  since  the 
profit  constraint  is  more  easily  satisfied,  and  managers  are 
freer  to  pursue  their  own  objectives.  During  the  downswing  their 
discretion  is  restricted  due  to  the  ne6d  to  generate  sufficient 
earnings  with  which  to  satisfy  the  minimum  profit  constraint. 
Hence,  it  is  this  writer's  opinion  that  the  'pure'  managerial 
models  are  best  int^erpreted  as  models  of  the  behavior  of  the 
firm  during  the  upswing,  and  that  the  traditional  models  are 
best  interpreted  as  models  of  the  behavior  of  the  firm  during 
the  downswing. 
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F.  CHAPTER  SUMMARY 
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In  this  chapter  the  modern  corporate  enterprise  was  modeled, 
first  under  certainty  and  then  under  uncertainty,  as  a constrained 
optimal  control  problem.  The  firm  was  modeled  as  a discounted 
collective  utility  maximizer,  and  under  uncertainty,  as  a discounted 
expected  collective  utility  maximizer  (in  each  case  over  a 
finite  planning  horizon),  where  collective  utility  was  expressed 
as  a function  of  total  sales  revenue,  total  dividends  paid,  and 
managerial  emoluments,  (and  also  indirectly,  growth),  and  where 
the  trade  offs  embodied  in  the  collective  utility  function  were 
assumed  to  be  established  by  the  corporate  board  of  directors. 
Collective  utility  maximization  was  modeled  as  taking  place 
subject  to  an  exogenously  determined  minimum  net  income  constraint, 
and  subject  to  an  appropriately  formulated  probabilistic  mlnlmiun 
net  income  constraint  in  the  uncertainty  case. 

The  model  of  the  firm  under  certainty,  the  optimal  operating 
policies  Implied  by  the  model,  and  the  sensitivity  of  these 
policies  to  changes  in  key  parameters  were  presented  in  section  B. 

It  was  shown  that  such  a firm  would  behave  like  a Baumol  sales 
maximizer  and  would  tend  to  produce  more  output  than  a short 
run  profit  maximizer.  It  was  also  shown  that  the  equilibrium 
operating  policies  selected  by  the  firm  could  be  used  to 
characterize  an  implicit  ranking  at  the  margin  of  the  sales 
revenue,  dividends,  and  managerial  emoluments  objectives. 

It  was  further  shown  that  the  extent  of  managerial  discretion, 
as  Indicated  by  whether  or  not  the  profit  constraint  is  binding, 
bad  a significant  Impact  on  the  behavior  of  the  firm,  and  that 
when  the  profit  constraint  is  binding,  the  effect  of  a change 
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In  the  tax  rate  on  the  behavior  of  the  firm  can  be  expressed 
as  a Hicks-Slutsky-type  equation. 

The  model  of  the  firm  under  certainty  was  extended  to  incorporate 
uncertainty  in  section  C.  It  was  shown  that  the  presence  of 
uncertainty  causes  the  risk  averse  firm  to  produce  less  output 
than  it  would  under  certainty,  but  that  for  the  quantity-setting 
firm  at  least,  the  presence  of  uncertainty  does  not  alter  the 
firm's  expansion  path.  It  was  also  shown  that  an  Increase  in 
the  required  probability  of  meeting  the  profit  constraint  would 
cause  the  firm  to  reduce  output,  and  further,  that  changes  in 
either  the  minimum  net  income  level  or  the  tax  rate  would  elicit 
the  same  qualitative  responses  under  uncertainty  as  they  did 
in  the  certainty  case. 

Two  models  of  the  behavior  of  the  firm  that  can  be  Interpreted 
in  terms  of  the  business  cycle  were  developed  in  sections  D 
and  E.  The  first,  a two-state  Markov  model,  generalized  a model 
previously  developed  by  O.E.  Williamson.  The  second,  a multi- 
state model,  was  based  more  directly  on  the  models  developed 
in  sections  B and  C of  this  chapter.  Each  model  was  used  to 
show  that  the  behavior  of  the  (expected)  collective  utility 
maximizer  tends  to  vary  systematically  over  the  business  cycle, 
with  the  firm's  behavior  during  the  upswing  more  closely  fitting 
that  which  would  be  predicted  on  the  basis  of  the  managerial 
models  and  with  its  behavior  during  the  downswing  more  closely 
fitting  that  which  would  be  predicted  on  the  basis  of  the 
traditional  models  of  the  firm. 
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This  chapter  was  mainly  concerned  with  modeling  the  behavior 
of  the  firm  over  the  business  cycle  - or  at  least  with  modeling 


the  firm's  behavior  subject  to  a pattern  of  variation  in  the 
state  of  its  operating  environment  that  could  be  interpreted 
in  terms  of  the  business  cycle.  To  focus  on  the  Impact  of 
these  external  factors  in  real  terms,  the  analysis  abstracted 
from  both  financial  factors  and  the  role  of  resource  allocation 
within  the  firm.  The  purpose  of  the  next  two  chapters  is  to 
explore  the  implications  of  each  of  these  for  the  behavior  of 
the  firm  of  the  type  modeled  in  this  chapter. 


CHAPTER  THREE  FOOTNOTES 


1.  This  introductory  section  is  intended  to  serve  as  both 

an  executive  sununary  of  chapter  two  - in  order  that  chapter 
three  be  essentially  self-contained  - and  an  introduction 
to  this  chapter's  discussion  of  the  author's  research 
results  concerning  the  behavior  of  the  firm  over  the 
business  cycle. 

2.  Hereafter  in  this  paper  the  'traditional'  models  and  the 
'modern  traditional'  models  of  the  firm  will  be  referred 
to  collectively  as  the  'traditional  theory  of  the  firm'. 

3.  Such  models  involve  a single  time  period  and  typically 
assume  certainty.  See  sections  B through  E of  chapter 
two.  See  also  subsection  2 of  section  I of  chapter  two 
for  a discussion  of  a profit  maximization  model  due  to 
Vickers  that  permits  uncertainty,  but  subsumes  its  impact 
within  the  functional  form  of  the  average  interest  rate 
on  debt  funtion. 

4.  Such  models  typically  involve  a single  time  period  and 
normally  assume  certainty.  See  sections  F and  L of 
chapter  two.  See  also  subsection  2 of  section  I of  chapter 
two  for  a discussion  of  a single  period  stock  market 
value  maximization  model. 

5.  See  the  discussion  of  the  Lintner  model  in  section  J of 
chapter  two. 

6.  See  the  discussion  of  the  Meyer  model  in  subsection  3 
of  section  K of  chapter  two. 

7.  See  the  discussion  of  Leland's  models  of  the  quantity- 
setting firm  and  the  price-setting  firm  in  subsection 
2 of  section  K of  chapter  two.  Under  the  assumption 
that  owners  are  risk  neutral,  this  objective  function 
can  be  simplified  to  one  of  maximizing  expected  profit. 

8.  See  the  discussion  of  Leland's  model  of  the  firm  in  the 
context  of  stock  market  equilibrium  in  subsection  4 of 
section  K of  chapter  two. 

9.  See  footnotes  4,  6,  and  7 of  chapter  one  for  references 
to  empirical  studies. 

10.  See  the  discussion  of  the  Baumol  sales  maximization  model 
in  subsection  la  of  section  G of  chapter  two. 
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11.  See  the  discussions  of  the  Baumol  growth  maximization 
model  in  subsection  lb  and  the  Harris  growth  maximization 
model  in  subsection  2a  of  section  G and  the  discussion 

of  the  Herendeen  model  in  subsection  3 of  section  I 
of  chapter  two. 

12.  See  the  discussion  of  the  Harris  utility  maximization 
model  in  subsection  2b  of  section  G of  chapter  two. 

13.  See  the  discussion  of  the  O.E.  Williamson  model  in 
subsection  3 of  section  G of  chapter  two. 

14.  See  the  discussion  of  Leland's  managerial  model  in 
subsection  3b  of  section  L of  chapter  two. 

15.  See  section  G,  and  in  particular  subsections  2c  and 
4,  of  chapter  two  for  a discussion  of  some  of  this 
empirical  evidence. 

16.  As,  for  example,  the  study  by  Kuehn  that  attempts  to 
determine  whether  firms  maximize  profits  or  growth. 

Kuehn , Takeovers  and  the  Theory  of  the  Firm:  An 
Empirical  Analysis  for  the  United  Kingdom,  1957-1969, 
op.  cit. 

17.  O.E.  Williamson,  A Dynamic  Stochastic  Theory  of  Hanagerial 
Behavior,  op.  cit. 

18.  Solow,  op.  cit. 

19.  Leland,  Why  Profit  Haxlmization  Hay  Be  A Better  Assumption 
Than  You  Think,  op.  cit.  The  managerial  model  developed 
by  Leland  is  discussed  in  subsection  3b  of  section  L 

of  chapter  two. 

20.  Wong,  op.  cit.  Wong's  model  is  discussed  in  subsection 
3a  of  section  L of  chapter  two. 

21.  See  section  H of  chapter  two. 

22.  See  also  Hachlup,  op.  cit . . on  this  point.  Indeed, 
if  the  behavior  of  firms  under  objectives  other  than 
profit  (or  value)  maximization  is  consistent  with 
profit-  (or  value-)  maximizing  behavior,  the  assumption 

of  profit  (or  value)  maximization  might  have  the  advantage 
of  greater  mathematical  tractability  and  might  therefore 
permit  a wider  range  of  phenomena  to  be  modeled. 

23.  During  the  long  upswing  of  the  19608,  economists  became 
complacent  regarding  the  business  cycle.  There  was  a 
general  feeling  that  the  careful  application  of  Keynesian 
demand  management  policies  would  strongly  dampen  the 
amplitude  of  cyclical  fluctuations.  But  as  a recent 
conference  of  economists  concluded  - and  as  the  recent 
recession  would  seem  to  bear  out  - the  business  cycle 

is  not  (yet  at  least)  obsolete.  See  H.  Bronfenbrenner , 
ed.,  Is  the  Business  Cycle  Obsolete?  (Wlley-Intersclence; 
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New  York;  1969).  See  also  "The  business  cycle  is  alive 
and  well,”  Business  Week  (April  19,  1976). 


24.  One  of  the  classic  works  relating  to  the  business  cycle 
Is  J.  Duesenberry,  Business  Cycles  and  Economic  Growth 
(McGraw-Hill;  New  York;  1958).  A discussion  of  various 
models  of  the  business  cycle  can  be  found  In  S.  Bober, 

The  Economics  of  Cycles  and  Growth  (Wiley;  New  York; 

1966) . The  history  of  U.S.  business  cycles,  including 
the  'long  cycle*  of  1961-70,  can  be  found  in  M.W.  Lee, 
Macroeconomics:  Fluctuations.  Growth,  and  Stability, 

5th  ed.  (Irwin;  Homewood,  111;  1971).  The  business 
cycle,  particularly  as  it  affects  manufacturing  firms, 
is  discussed  in  T.  Hultgren,  Cost,  Prices,  and  Profits: 

Their  Cyclical  Relations  (Columbia  University  Press; 

New  York;  1965). 

25.  The  recent  post-recession  upsurge  in  profits  has  been 
heralded  widely  in  the  business  literature.  See,  for 
example,  "First  Quarter's  Spurt  In  Corporate  Earnings 

Is  Steepest  in  17  Years,”  Wall  Street  Journal  (April  29, 
1976);  "Profits:  Better  than  expected,”  Business 
Week  (May  17,  1976);  and  "Profits  are  growing  across 
the  board,"  Business  Week  (August  2,  1976).  The  upswing 
has  also  improved  the  sales  outlook  for  most  industries. 

See,  for  example,  "Semiconductor  Makers  See  the  Recovery 
From  '75  Slump  Gaining  Strength  in  *77,"  Wall  Street 
Journal  (March  16,  1977),  and  "Ford  Motor  Chairman 
Says  Neither  Profit  Nor  Market  Share  Is  Strong  as 
Possible,"  Wall  Street  Journal  (May  14,  1976). 

26.  See,  for  example,  "Mergers,  Acquisitions  Come  Back 
Into  Style  - But  the  Style  Is  New,"  Wall  Street  Journal 
(April  28,  1976),  and  "A  seller's  market  in  executive 
talent,"  Business  Week  (July  5,  1976). 

27.  See,  for  example,  "Westinghouse's  Ongoing  Business 
Posts  Profit  Drop,"  Wall  Street  Journal  (January  30, 

1975);  "GE:  Not  Recession  Proof,  But  Recession  Resistant," 
Forbes  (March  15,  1975);  and  "The  recession  balks 
Genesco's  turnaround,"  Business  Week  (July  7,  1975). 

28.  See,  for  example,  "Capital  Budgets  Are  Cut  by  Firms 
Due  to  Recession,"  Wall  Street  Journal  (March  10, 

1975),  and  "Firms  Spend  Warily  In  Planning  Spending 
On  Plant,  Equipment,"  Wall  Street  Journal  (November 
10,  1975). 

29.  See,  for  example,  "A  & P to  Close  Third  Of  Its  Stores, 

Set  $195  Million  Reserve,"  Wall  Street  Journal  (March 
14,  1975);  "Westinghouse  Moves  to  Halt  Old  brains 
And  Avoid  New  Ones,"  Wall  Street  Journal  (March  7, 

1975);  "Firms  Drop  Operations  To  Lower Their  Coats 
And  Preserve  Capital,"  Wall  Street  Journal  (March  17, 

1975);  and  "How  High-Flying  Firm  Came  Crashing  Down 
And  Survived  the  Fall,"  Wall  Street  Journal  (August 
19,  1975). 
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See,  for  example,  Mergers,  AcqulBitlons  Come  Back  Into 
Style  - But  the  Style  Is  New,  op.  clt.,  and  A seller's 
market  in  executive  talent. op.  clt. 


See,  for  example,  "Hercules:  A plan  that  failed," 
Business  Week  (December  1,  1975),  and  "More  Firms  Slow 
Drive  For  Growth,  Bid  to  Lift  Return  on  Investment," 

Wall  Svreet  Journal  (December  16,  1975).  This  tendency 
Is  more  pronounced  among  smaller,  less  diversified 
companies.  See  "Small  Business;  The  maddening  struggle 
to  survive,"  Business  Week  (June  30,  1975). 


32.  See,  for  example,  "How  American  Standard  cured  its 
conglomeritls , " Business  Week  (September  28,  1974); 
"Bludhorn  the  raider  as  elder  statesman,'  Business 
Week  (January  20,  1975);  Westinghouse  Moves  to  Halt 
Old  Drains  And  Avoid  New  Ones,  op.  cltT;  "How  Rucker 
cured  its  conglomerate  fever,"  Business  Week  (April 
7,  1975);  "Why  the  profits  vanished  at  Singer,"  Business 
Week  (June  30,  1975);  "Bringing  Order  to  a Billion- 
Dollar  Empire,"  Business  Week  (September  8,  1975); 

"With  A Little  Bit  df  Luck.*'  Forbes  (December  15, 

1975);  and  "The  Hard  Road  of  the  Food  Processors," 
Business  Week  (March  8,  1976).  In  each  case  the  emphasis 
shifted  from  growth  to  profits. 


R.M.  Cyert,  "Oligopoly  Price  Behavior  and  the  Business 
Cycle,"  Journal  of  Political  Ecoymy  (vol.  63;  no.  1; 

February  1955),  pp . 41-51 ; W . A .b . Godley  and  W.D.  Nordhaus, 
"Pricing  in  the  Trade  Cycle,"  Economic  Journal  (vol.  82; 
no.  327;  September  1972),  pp.  853-88S ; ft.L.  Kelson, 

"Business  Cycle  Factors  in  the  Choice  between  Internal 

and  External  Growth,"  In  W.  Alberts  and  J.  Segall, 

eds..  The  Corporate  Merger  (University  of  Chicago  Press; 

Chicago;  ld66),  pp.  52-66;  and  D.J.  Algner  and  C.M.  Sprenkle 

"On  Optimal  Financing  of  Cyclical  Cash  Needs,"  Journal 

of  Finance  (vol.  28;  no.  5;  December  1973),  pp.  1249- 

1254. 


O.E.  Williamson,  A Dynamic  Stochastic  Theory  of  Managerial 
Behavior,  op.  clt.:  K.J.  Arrow,  Optimal  Capital  Policy 
with  Irreversible  Investment,  op.  clt.  (see  subsection 
2 of  section  L of  chapter  two);  and  £.M.  Birch  and 
C.D.  Slebert,  "Uncertainty,  Permanent  Demand,  and 
Investment  Behavior,"  American  Economic  Review  (vol. 

66;  no.  1;  March  1976),  pp.  l^-S‘7. 


A Dynamic  Model  of  Demand,"  in  H.  Townsend 
Theory  (Penguin;  Middlesex,  England;  1971) 
, and  A. A.  Alchlan,  "Coats  and  Outputs,” 

, Price  Theory,  pp.  228-249. 


37.  See  sections  J and  K of  chapter  two  and  the  references 
provided  therein.  See  also  A.J.  Douglas,  "Stochastic 
w'  Returns  and  the  Theory  of  the  Finn,"  American  Economic 

Review  (vol.  63;  no.  2;  Hay  1973),  pp.  129-133;  BTrcE 
and  Siebert,  op.  cit . ; 11. C.  Gupta,  "Optimal  Financing 

Policy  for  a Firm  with  Uncertain  Fund  Requirements," 
Journal  of  Financial  and  Quantitative  Analysis  (vol. 

8;  no.  &;  becember  1673),  pp.  731-747;  ana  S.  Wu, 

R.  Rozek,  and  D.  Dutton,  "The  Effects  of  Uncertainty 
on  the  Firm's  Demand  for  Money,"  Working  Paper  Series 
No.  75-13  (College  of  Business  Administration,  The 
University  of  Iowa;  Iowa  City;  June  1975). 


38.  There  has  been  some  debate  in  recent  years  as  to  how 
powerful  boards  of  directors  really  are.  See  the 
discussion  of  this  point  in  chapter  one.  See  also  Brown, 
op.  cit . , and  R.  Malik,  And  Tomorrow  . . . The  World? 

Inside  IBM  (Millington;  LondonT^i^TFTi  The  latter  points 
out  that  the  real  decision-making  power  at  IBM  in  recent 
years  has  resided  in  the  Management  Review  Committee, 
rather  than  the  Board  of  Directors.  However,  for  many 
years  this  committee  Included  a member  of  the  Watson 
family,  who  were  the  major  shareholders.  Hence,  even 
where  the  board  of  directors  is  relatively  weak,  this 
does  not  imply  that  shareholder  objectives  are  ignored. 

The  form  of  the  collective  utility  function  presented 

below  is  general  enough  to  permit  different  implicit 

weightings  to  be  attached  to  shareholder  and  managerial 

objectives,  so  that  different  degrees  of  'management  v 

domination'  of  the  board  of  directors,  management  review  ' 

committee,  or  whatever,  and  even  the  extreme  case  of 

a board  of  directors  dominated  by  an  autocratic  chairman, 

can  be  accommodated.  It  is  assumed,  however,  that  regardless 

of  the  composition  of  the  primary  decision-making  body,  i 

shareholder  objectives  are  considered  explicitly  when 

then  firm's  policies  are  formulated.  } 

39.  As  in  the  Baumol  sales  maximization  model  discussed  : 

in  subsection  la  of  section  G of  chapter  two. 

I 

40.  See  the  introduction  to  section  G of  chapter  two. 


41.  As  in  the  O.E.  Williamson  model  discussed  in  subsection 
3 of  section  G of  chapter  two. 

42.  O.E.  Williamson,  Managerial  Discretion  and  Business 
Behavior,  op.  cit..  pT  105BT  See  also  subsection  3 
of  section  o^  chapter  two. 

43.  As  in  the  Baumol  sales  growth  maximization  model  discussed 
in  subsection  lb  of  section  G of  chapter  two  and  in 

the  Marris  growth  maximization  and  managerial  utility 
maximization  models  discussed  in  subsection  2 of  section 
G of  chapter  two.  Unlike  these  models,  however,  the 
model  developed  below  will  not  require  steady  state 
growth . 
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See  the  introduction  to  section  G of  chapter  two 


As  in  the  modern  traditional  models  that  assume  stock 
market  value  maximization.  See  sections  F and  L of 
chapter  two. 


The  reason  for  including  this  second  source,  rather 
than  merely  conjecturing  present  and  future  dividends 
(suitably  discounted)  over  an  infinite  time  horizon, 
will  be  made  clear  below. 


However,  dividend  payments  could  be  a direct  source 
of  satisfaction  if  top  managers  and  directors  own 
shares  of  the  company  and  if  the  dividends  they  receive 
form  a significant  portion  of  their  incomes.  In  this 
case,  of  course,  the  top  managers  and  directors  who 
have  significant  share  holdings  might  be  expected  to 
make  personal  trade  offs  of  the  sort  embodied  in  the 
collective  utility  function  given  below  in  (1). 

See  the  introduction  to  subsection  2 of  section  G of 
chapter  two.  Harris  incorporated  this  factor  directly 
into  the  managerial  utility  function  in  the  foirm  of 
the  firm's  valuation  ratio.  See  subsection  2b  of 
section  G of  chapter  two. 


See,  for  example,  "Battle  of  Titans,"  Newsweek  (June 
10,  1974);  "Ruthlessness  By  The  Rules,"  Forbes  (February 
1,  1976);  and  "Posner  Prowls  Again,"  Newsweek  (August 
9,  1976). 


Under  certainty  and  perfect  capital  markets,  the  share 
price  will,  in  stock  market  equilibrium,  equal  the 
discounted  stream  of  dividends  that  would  be  paid  to 
the  holder  of  that  share.  See  subsection  1 of  section 
I of  chapter  two. 


A common  ploy  used  to  thwart  a takeover  attempt 
to  increase  the  annual  dividend  rate  (per  share) 
Foremost -McKesson  Inc.  recently  did  (in  spite  of 
quarterly  net  income).  See  "Foremost -McKesson  M 
Dominated  By  Absent  V.  Posner,"  Wall  Street  Jour 
(July  30,  1976).  Microdot  Inc.  employed  the  sam 
See  "Microdot  struggles  to  stay  single,"  Busines 
(February  2,  1976). 


52.  A similar  approach  (a  'managerial-owner  preference 
function')  has  been  suggested  by  Albln  and  Alcaly. 

See  P.S.  Albln  and  R.E.  Alcaly,  "Corporate  Objectives 
and  the  Economy:  Systematic  Shifts  between  Growth  and 
Profit  Goals,"  Journal  of  Economic  Issues  (vol.  10; 
no.  2;  June  1976),  p.  277. 

53.  Arrow,  Social  Choice  and  Individual  Values,  op.  cit. 
See  also  Heal,  op.  cit.,  ch.  2. 
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54.  The  transitivity  property  requires  that  if  society 
prefers  alternative  A to  alternative  B and  if  it  also 
prefers  alternative  B to  alternative  C,  then  it  must 
also  prefer  alternative  A to  alternative  C.  That 

is,  preferences  must  be  consistent.  However,  it  is 
easily  shown  that  majority  voting  - the  most  obvious 
candidate  for  a social  choice  rule  - fails  to  satisfy 
this  property.  Ibid. , pp.  35-36. 

55.  Ibid. . pp.  29-34. 

56.  Ibid. . p.  59. 

57.  It  should  be  noted  that  in  the  certainty  case  the  decisions 
made  at  time  zero  for  any  time  t,  0 < t £ T,  are  the 

same  as  those  that  would  be  made  at  time  t.  That  is, 
open  loop  control  (all  decisions  made  at  t * 0)  and 
closed  loop  control  (decisions  made  sequentially)  yield 
identical  results  under  certainty.  See  Intriligator, 
op.  cit . . pp.  299-302,  on  this  point. 

58.  If  these  functions  change  in  a real  time  sense,  then 
open  loop  control  and  closed  loop  control  do  not  yield 
identical  results  in  terms  of  actual  behavior.  See 
preceding  footnote.  In  that  case  interpreting  the 
models  developed  below  as  planning  models  becomes 
Important . 

59.  Sandmo,  op.  cit. . pp.  65-66. 

60.  How  effective  boards  of  directors  are  in  promoting  the 
interests  of  shareholders  (i.e.  to  what  extent  they 
are  selected  by  and  dominated  by  top  management)  is 

a moot  point.  See  "Outside  Directors  Get  More  Careful, 
Tougher  After  Payoff  Scandals,"  Wall  Street  Journal 
(March  24,  1976);  "Annual  Meeting  Time."  Forbes  (April 
15,  1976);  and  Brown,  op.  cit.  Differences  in  effectiveness 
would,  of  course,  affect  the  specific  functional  forms 
of  U)  and  Ua  , and  in  particular,  the  trade  offs  between 
dividends  and  other  objectives. 

61.  The  derivation  of  (2)  follows.  From  the  definition 

K(T)  - K(0)-(1  g)^  . (*) 

Dividing  each  side  of  (♦)  by  K(0),  taking  logarithms, 
and  solving  for  g yields  (2). 

62.  Hirshleifer,  Investment.  Interest,  and  Capital,  op.  cit. , 
p.  226,  and  Sandao.  op.  cit.,  p.  65. 

63.  von  Neumann  and  Morgenstern,  op.  cit . , pp.  15-31,  and 
Hirshleifer,  Investment.  Interest,  and  Capital,  op.  cit . , 
pp.  216-224. 

64.  Ibid. . pp.  224-226. 

65.  It  should  be  repeated  that  the  functional  forms  Ui  and 
Ui  are  assumed  to  be  stable  during  the  planning  cycle. 


I 

I 
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They  may  change  in  a real  time  sense  - in  a manner 
suggested  by  the  behavioral ists  - when  the  planning 
cycle  repeats.  See  footnotes  57  and  58. 


66.  In  particular,  the  assumption  that  f has  a full  set 

of  continuous  second  partial  derivatives  implies  that 
f is  continuous  with  respect  to  K and  with  respect 


to  L and  that 


3*f 


a*f 


In  addition,  it  is  normally 


dKdL 

assumed  that  the  production  function  f is  strictly 
concave  (or  at  least  locally  strictly  concave)  in  order 
to  satisfy  the  sufficiency  conditions  for  an  optimum. 
Strict  concavity  reauires  that 

3*f  ^ 3^f  , n 3*f  3*1  s/3*f  .2 

3L*  3K*  3L*  3K* 


67.  The  direct  contribution  of  managers  to  production  is 
allowed  for  in  the  composite  labor  index  L(t)  and  their 
opportunity  cost,  the  market-determined  'wage  rate' 
for  managers, is  allowed  for  in  the  composite  wage  index 
w(t).  The  definition  of  managerial  emoluments  in  the 

text  is  consistent  with  O.E.  Williamson's.  O.E.  Williamson, 
Managerial  Discretion  and  Business  Behavior,  op.  cit. , 
p.  1535. 

68.  It  is  assumed  here  that  depreciation  for  tax  purposes 
is  figured  on  this  basis  only,  so  that  the  amount  of 
depreciation  expense  is  equal  to  the  product  of  the 
amount  of  depreciation  in  physical  units,  5*K(t),  and 
the  unit  value  of  capital  goods,  q(t).  It  should  be 
noted  that  replacement  cost  accounting  is  not  generally 
practiced  in  the  United  States,  although  it  is  used 

in  The  Netherlands  and  the  United  Kingdom.  See 
A.J.H.  Enthoven,  "Replacement-Value  Accounting:  Wave 
of  the  Future?,"  Harvard  Business  Review  (January- 
February  1976),  and  "Inflation  Accounting:  Report 
of  the  Inflation  Accounting  Committee,"  Cmnd  Document 
6225  (H.M.  Stationery  Office;  London;  1975).  Moreover, 
a recent  decision  by  the  Securities  and  Exchange 
Comoission  requiring  companies  to  provide  replacement 
cost  data  in  the  notes  to  their  financial  statements, 
as  well  as  the  strong  support  that  exists  for  replacement 
cost  accounting  in  the  business  and  accounting  communities, 
suggests  that  it  may  become  general  accounting  practice 
in  the  United  States  in  the  not-too-distant  future. 

See  Securities  and  Exchange  Commission  Accounting  Series 
Release  No.  190  (Washington,  D.C.;  March  1976)  and 
"SEC  Adopts  Disclosure  Rules  for  Replacement  Costs," 

Journal  of  Accountancy  (May  1976),  pp.  11-12.  See  also 
J.C.  Burton,  "F'lnanclal  Reporting  in  an  Age  of  Inflation," 
Journal  of  Accountancy  (February  1975);  F.T.  Weston, 

"Adjust  Your  Accounting  for  Inflation,"  Harvard  Business 
Review  ( January-February  1975);  R.F.  Vancil,  "Inflation 
Accounting  - The  Great  Controversy,"  Harvard  Business 
Review  (March-April  1976);  and  "How  Recently  issued 
Accounting  Rules  Are  Affecting  Corporate  Annual  Reports," 
Wall  Street  Journal  (March  30,  1977).  Therefore,  the 
assumption  of  replacement  cost  accounting  is  not,  in 
the  opinion  of  this  writer,  unreasonable. 
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69.  It  is  assumed  In  this  chapter  that  the  firm  owns  all 
its  capital  and  that  it  has  no  bonds  outstanding,  so 
that  no  rental  expense  and  no  interest  expense  show 
up  in  the  firm's  income  statement. 

70.  The  importance  of  (7)  will  become  clearer  in  chapter 
four  where  the  firm  will  also  be  required  to  generate 
sufficient  pretax  income  to  meet  bond  interest  obligations. 

71.  See  subsection  G of  chapter  two. 


72.  See  R.W.  Glower,  "A  Reconsideration  of  the  Microfoundations 
of  Monetary  Theory,"  Western  Economic  Journal  (vol.  6; 

no.  1;  December  1967),  pp.  1-8^  Under  uncertainty, 
however,  the  firm  may  have  several  motives  for  holding 
cash.  Traditionally,  these  motives  have  been  categorized 
as  a transactions  demand  for  cash  (i.e.  for  use  in  normal 
transactions  such  as  purchasing  inputs),  a precautionary 
demand  for  cash  (e.g.  to  pay  bond  interest  when  pretax 
income  is  insufficient,  and  to  thereby  prevent  bankruptcy), 
and  a speculative  demand  for  cash  (e.g.  to  hold  cash  in 
anticipation  of  price  changes  favorable  to  the  firm 
and  its  planned  purchase  of  some  capital  asset). 

D.  Patlnkln,  Money , Interest . and  Prices , 2nd  ed. 

(Harper  & Row;  New  York;  19^5).  The  role  of  cash  is 
explored  in  chapter  four  of  this  thesis. 

3U  /3R  3U  /3M 

73.  That  is,  3U  /3it  ^ 0 and  and  both  exist 

for  all  R > 0 and  for  all  M ^ 0. 

74.  As  shown  below,  the  firm  modeled  in  (11),  like  the  Baumol 
sales  maximizer,  will  tend  to  produce  more  output  than 

a short  run  profit  maximizer.  Such  a firm  could  increase 
profits  by  reducing  output,  thereby  having  additional 
funds  with  which  to  purchase  new  plant  and  equipment. 

Therein  lies  the  trade  off  between  revenue  and  capital 
embodied  in  the  Hamiltonian  (12). 

75.  The  nonnegativity  constraint  on  the  firm's  capital  stock 
at  each  time  t might  be  considered  explicitly  if,  for 
example,  the  firm  were  permitted  to  go  bankrupt  (i.e. 

to  Jallh  with  K(t)  - 0 used  as  the  indicator  of  bankruptcy. 

76.  Arrow,  Applications  of  Control  Theory  to  Economic  Growth, 
op.  cit..  and  'Takayama,  op.  clt.,  pp-  646-651. 

77.  Ibid.,  pp.  648-649.  As  in  the  case  of  static  optimization, 
conditions  (13)-(15)  are  necessary  provided  the  "constraint 
qualification"  holds.  For  conditions  that  provide  the 
constraint  qualification  see  the  lemma  preceding  theorem 
8.C.1  in  ibid. , p.  648. 

78.  This  is  perfectly  analogous  to  the  interpretation  given 
the  maximization  of  the  Hamiltonians  in  section  L of 
chapter  two. 
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79.  Note  that  even  though  the  Lagrangian  (17)  applies  to 
a single  point  in  time,  whereas  the  Lagrangian  (13) 
applies  to  the  period  0 ^ t £ T,  the  value  of  Mi  must 
be  the  same  for  each  time  t in  both  (13)  and  (17)  when 
the  firm  is  in  multiperiod  equilibrium.  Hence,  there 
are  no  conceptual  difficulties  involved  in  using  the 
same  symbol  in  (13)  and  (17). 

80.  Note  that  this  follows  if  it  is  assumed  (as  is  normally 
done)  that  the  production  function  is  strictly  concave. 

It  also  follows  under  weaker  assumptions  (e.g.  local 
strict  concavity).  See  footnote  66. 

81.  That  is,  one  dollar  less  in  managerial  emoluments  enables 
the  firm  to  pay  out  an  additional  1 - t dollars  in  dividends 
(the  other  t dollars  must  be  paid  in  taxes). 


82.  See  subsection  la  of  section  G in  chapter  two  of  this 
thesis. 


83. 


Note  what  happens  when  ttq  approaches  the  maximum  short 
run  level  of  profits.  Since  m in  (31)  can  be  expressed 

AS  ^ 

^ OUy3R)P»-|f  3U^ 


(1-t)(p*|j  - w) 


dD 


(*) 


it  follows  that  y -►  » as  P’-jjj 

3f 

(♦)  is  undefined  when  P’-jr  - w 


w -►  0.  Of  course, 
0 (the  necessary 


condition  for  selecting  the  short  run  profit  maximizing 
level  of  labor  usage).  The  interpretation  of  (*) 
is  that  the  implicit  price  of  meeting  the  constraint 
increases  as  x Increases,  becoming  infinite  as  x 
approaches  the^short  run  maximum  level  of  total  profit. 


M 2 3U 

84.  In  the  Intermediate  case,  - — ■ (1  - x)  and  -51;  “ 0. 

M 1 

Both  constraints  are  binding,  and  by  coincidence,  the 
Hamiltonian  is  simultaneously  a maximum  with  respect 
to  H. 

85.  Recall  that  Mi  and  Mz  have  discount  factors  built  into 
them.  That  is,  Mj  and  Mj  are  shadow  prices  expressed 
in  terms  of  present  value.  The  factor  e**^  "undoes 
the  discounting"  in  order  to  convert  the  expression 
into  one  in  terms  of  current  value  units. 


86.  Note  that  the  inequalities  that  result  in  cases  (i)- 
(iv)  are  insensitive  to  the  particular  utility  scale 
adopted  for  . That  is,  since  preference  orderings 
are  invariant  under  monotonically  Increasing  transformations 
of  the  utility  scale,  the  results  summarized  in  theorem 
III-l  are  Independent  of  the  utility  scale.  This  also 
means,  however,  that  no  quantitative  significance  can 
be  attached  to  differences  of  marginal  utilities,  as 
these  differences  are  scale  sensitive. 
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87.  Note  that  this  procedure  has  the  effect  of  converting 
from  an  ordinal  scale,  e.g.  3U/3D,  to  a ratio  scale, 

e.g.  ( 3U/3D)/( 3U/3M) . This  compensates  for  the  arbitrariness 
of  the  utility  scale  (see  footnote  86)  since  any  monotonically 
increasing  transformation  of  U will  affect  numerator 
and  denominator  proportionately,  and  therefore  not  affect 
the  value  of  the  ratio. 

88.  It  deserves  to  be  emphasized  that  the  orderings  of 
objectives  given  below  hold  at  the  margin  when  the 

firm  is  in  equilibrium.  That  is,  the  orderings  describe 
the  firm's  relative  preferences  with  regard  to  marginal 
increments  in  the  values  of  the  arguments  of  its  utility 
function  when  the  firm  is  in  equilibrium.  They  do 
not  imply,  for  example,  that  under  some  circumstances 
df  df 

(i.e.  - - w)  < P*-^)  the  firm  would  always  most 

prefer  an  increment  in  dividends  to  equal  increments 
in  total  revenue  and  managerial  emoluments  regardless 
of  the  values  of  these  other  variables. 

d f ^ ^ 

89.  Recall  that  0 < P’^Jl  ^ that  P'^j^  - w < 0,  in 

each  of  the  four  cases  considered  above. 


90.  The  reason  for  introducing  this  concept  is  that  it 
will  be  needed  below  in  interpreting  the  possible 
preference  relations  between  R and  D stated  in  theorem 
III-2. 

d f 

91.  Or  equivalently,  iw  < p'-j^  , i.e.  the  marginal  revenue 

product  of  labor  exceeds  one  half  the  wage  rate. 

This,  together  with  lemma  III-l,  implies  that  when 

” ^ P'lE  marginal  revenue  product  of 

labor  is  less  than  the  wage  rate  but  greater  than  one 
half  the  wage  rate.  Similarly, 

- (p.|^  - w)  - p iw  - p*|^ 


P'lt  ^ - <P'Ie  - w)  «=»  iw  > p-|^ 

In  the  latter  case,  the  marginal  revenue  product  of 
labor  is  less  than  one  half  the  wage  rate. 


92.  That  is,  the  analysis  proceeds  in  terms  of  the  inequality 
- (1-T)(p.|^  - w){-^}p*-|j  , which  is  equivalent  to 

(^)p*|J{|}  -(P’H  - in  (lil)-(v)  in  theorem  III-2. 
Making  this  conversion  simplifies  the  exposition. 

93.  Arrow,  APDllcations  of  Control  Theory  to  Economic 
Growth.  OP.  cit. . pp.  88-8#.  and  Takayama,  op.  ^t., 
pp.  6l2i-62i. 


94.  See  equation  (281)  in  chapter  two.  Here  the  term  'cost 
of  capital'  is  used  in  the  sense  of  the  economist's 
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'price'  of  capital,  rather  than  in  the  sense  of  the 
financial  'cost  of  raising  money  capital'. 


This  Implies  that  the  firm  is  rational  in  the  sense 
that  it  employs  capital  only  in  the  region  within  which 
the  marginal  physical  product  of  capital  is  positive  - 
a result  that  also  has  been  shown  to  hold  for  the 
short  run  profit  maximizer.  See  section  B of  chapter 
two. 


Similarly,  note  that  for  case  (i)  considered  above, 

(24)  can  be  rewritten  as 

af  1 af  /3R 

“ P"3l  aiL^auVaD^ ^ 

1 

which  is  analogous  to  (40).  The  expression  in  brackets 
on  the  right-hand  side  of  (*)  can  be  interpreted  as 
the  pretax  income  equivalent  (in  terms  of  collective 
utility)  of  a marginal  change  in  sales  revenue.  The 
riglit-hand  side  of  (♦)  can  be  interpreted  as  the  adjusted 
marginal  revenue  product  of  labor  (which  is  figured 
pretax)  and  condition  (♦)  is  interpreted  as  the  requirement 
that  in  equilibrium  the  firm  modeled  In  (11)  will  hire 
labor  up  to  the  point  at  which  its  adjusted  marginal 
revenue  product  Just  equals  its  marginal  cost  (under 
perfect  competition  in  factor  markets,  the  wage  rate). 

Cases  (ii)-(iv)  yield  the  same  condition,  but  with 
3Ui/3D  + M,ert  in  place  of  3Ux/3D  in  (♦)  when  the 
minimum  profit  constraint  is  binding.  Thus  (♦)  above 
and  (40)  in  the  text  are  the  logical  extensions  of  the 
neoclassical  equilibrium  criteria  to  the  case  of  the 
firm  modeled  in  (11). 


97.  For  ease  of  exposition  only  case  (1)  developed  above 
is  considered  here.  The  analysis  for  the  other  cases 
would  proceed  analogously. 

98.  See  equation  (284)  in  chapter  two. 

99.  Recall  that  it  has  been  assumed  that  the  firm  owns  its 
capital,  rather  than  rents  it,  so  that  there  is  no  interest 
cost  shown  on  the  firm's  income  statement.  See  table 
III-l.  If  the  firm  rented  some  portion  of  its  capital, 
then  the  firm  would  be  concerned  about  this  cost  in 
addition  to  (1  - T)q6  when  the  constraint  if  > iTq 

was  binding. 

100.  Another  interpretation  of  theorem  I I 1-3  is  that  in 

long  run  equilibrium,  in  which  prices,  interest  rates, 
input  levels,  output  levels,  etc.,  would  be  determined 
such  that  each  firm's  input  mix  would  lead  to  minimum 
cost  in  both  the  accounting  sense  and  the  economic 
sense,  the  condition  r * q/q  implies  that  equilibrium 
interest  rates  are  determined  by  real  factors  and  not 
by  monetary  factors  (l.e.  the  equilibrium  price  of 
9apltal  goods,  q,  expressed  as  an  Interest  rate, 
q/q,  determines  the  interest  rate  r in  general  economic 
equilibrium) . 


101.  For  completeness,  it  should  be  noted  that  sufficiency 
conditions  could  be  established  from  a theorem  proved 
by  Kamien  and  Schwartz.  See  li.I.  Kamien  and  N.L.  Schwartz, 
"Sufficient  Conditions  in  Optimal  Control  Theory," 

Journal  of  Economic  Theory  (vol.  3;  no.  2;  June  1971), 
pp.  207-214.  this  was  not  done  in  the  text  since  the 
list  of  conditions  is  lengthy  and  is  not  for  the  most 
part  amenable  to  economic  interpretation.  It  should 
also  be  noted  that  Kamien 's  and  Schwartz's  result  is 
more  general  than  Mangasarlan's,  which  was  referred 
to  earlier  in  this  thesis.  Mangasarlan,  op.  cit. 


A similar  result  has  been  obtained  by  Yarrow  via  a 
geometric  approach  using  Baumol's  sales  maximization 
model.  See  G.K.  Yarrow,  "On  the  Predictions  of  Manage 
Theories  of  the  Firm,"  Journal  of  Industrial  Economics 
(vol.  24:  no.  4:  June  1976),  pp.  267-279. 


103.  Note  that 

r > q/q«-  > rq  - q > 0 <==> 
If  also 

3Ui/3D  < , 

then  it  follows  from  (47) 
that 

3L/3K  < 0 , 

and  the  firm's  expansion 
path  is  negatively  sloped, 
as  in  the  figure  to  the 
right. 


Figure 


Note  that  conditions  (58)  are  necessary  but  not  sufficient 
for  ^(3L/3K)  < 0.  Thus,  even  when  the  firm's  expansion 
path  is  negatively  sloped,  as  in  the  figure  in  the  previous 
footnote,  3^(3L/3K)  may  still  be  positive.  In  order  that 


d/ 3Lx  , ^ 

it  is  necessary  that  not  only  (58)  hold,  but  that 
1 - r(r  - q/q)  « -1  , 

which  requires  that  r be  large  (at  least  (/5  - l)/2 
» 0.618)  and  t^at  the  price  of  capital  goods  be  falling 
rapidly  (l.e.  q/q  = -1).  Thus,  (♦)  will  hold  only 
under  (these)  exceptional  circumstances. 


Hicks,  Value  and  Capital,  op.  cit..  ch.  2 and  pp.  307- 
311,  and  Samuelson . foundations  o^  Economic  Analysis. 
op.  cit.,  pp.  100-103T  ^ee  also  Takayama.  op.  cit.. 
pp  15^-160.  The  Hlcks-Slutsky  equation  can  be  expressed 


I.OODBtMt  prlc.sEconst.Bt 

p.  are  the  quantity  demanded  and  the  price, 
of  the  i-th  good  and  where  I is  the  consumer's 


Income.  The  first  term  in  {*)  corresponds  to  the 
substitution  effect  and  the  second  term  corresponds 
to  the  income  effect. 


106.  Ibid. . p.  156. 

107.  As  demonstrated  in  the  proof  of  theorem  I I 1-4,  the 
derivation  of  the  Hicks-Slutsky-type  equation  when 

L and  If  vary  involves  the  Inverse  of  a 3 by  3 matrix. 
If  I were  also  permitted  to  vary,  the  derivation  would 
involve  the  inverse  of  a 4 by  4 matrix,  thus  making 
it  more  difficult  to  obtain  and  to  Interpret  the  basic 
result . 


108. 


H 


-1 


-(1-T)(p.|i  - w)- 


3^0 


1 


3M^ 


21 


3f 


since  p*^  - w < 0 and 


det  H 
3^U^ 

3M’ 


< 0 


< 0,  while  by  (62),  det  H > 0. 


109.  That  is,  the  price  increase  causes  real  income  to  fall. 

This  fall  in  real  income  is  tantamount  to  the  budget 
constraint  becoming  'tighter'.  In  consumer  theory 

a 'normal'  (or  'superior')  good  is  one  the  quantity 
demanded  of  which  varies  directly  with  (real)  income. 

Under  the  assumptions  stated  in  the  theorem,  total 
sales  revenue  is  a 'normal  good'  with  respect  to  the 
collective  utility  of  the  firm. 

110.  In  particular,  a tax  rate  Increase  intended  as  a deflationary 
policy  action  may  lead  to  Increases,  rather  than  decreases, 
in  output  (and  hence  increases  in  demand  for  inputs 

such  as  labor)  in  certain  sectors  of  the  economy, 
thereby  increasing  inflationary  pressures  in  those 
sectors.  Note  also  that  when  the  profit  constraint 
is  not  binding,  an  increase  in  the  tax  rate  will  tend 
to  Increase  managerial  utility  at  the  expense  of  shareholder 
utility  by  causing  sales  revenue  and  managerial  emoluments 
to  Increase  and  dividends  to  decrease  (or  at  least,  it 
will  tend  to  cause  managerial  utility  to  rise  relative 
to  shareholder  utility  as  sales  revenue  and  managerial 
emoluments  increase  relative  to  dividends).  The  reverse 
tends  to  happen  when  the  constraint  is  binding. 

111.  Baumol,  Business  Behavior.  Value  and  Growth,  op.  cit . . 
ch.  8.  This  has  also  been  recognized  by  Yarrow. 

See  Yarrow,  On  the  Predictions  of  Managerial  Theories 
of  the  Firm,  op.  cit . . p.  272. 

112.  Ibid. . pp.  277-278. 

The  chief  modifications  to  quantitative  results  are 
handled  in  the  following  manner.  When  the  product  market 
is  characterized  by  imperfect  competition,  quantity 
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114. 


I 115. 
116. 


demanded  is  a function  of  price  and  the  expression 
for  total  revenue  becomes  R = p*Q  * p*Q(p)  = p(Q)*Q, 

where  p * Q”^  is  obtained  by  appealing  to  the  inverse 
function  theorem.  Under  imperfect  competition 

ll  = ^ ' 'Whereas  under 

perfect  competition  = P*-|^  since  ^ - 0-  Thus 
3 f 

p*-^  would  have  to  be  replaced  by 

(p  * 

in  condition  (18).  If  there  is  imperfect  competition 
in  the  market  for  labor,  then  w = w(L)  and 
fi  dw 

3^(w(L)*L)  = -tt’L  + w,  and  w would  have  to  be  replaced  by 
uL  dii 


in  condition  (18). 

This  extension  as  well  as  the  extension  to  more  than 

two  inputs  can  be  handled  easily  in  the  model  by  introducing 

the  implicit  production  function 


F(q,  x)  = 0 , 

which  was  discussed  in  chapters  one  and  two,  and  by 
expressing  total  revenue  as  the  sum  of  the  amounts 
of  revenue  earned  on  sales  of  the  n goods  and  expressing 
variable  cost  as  the  sum  of  the  amounts  spent  on  the 
m variable  inputs: 

_ n _ 

RCq)  * i£i  Pi^li  C(x)  = WjLj  . 

If  different  classes  of  capital  goods  were  introduced, 
then  additional  differential  equations  for  net  investment 
of  the  form  K » I - 6»K  would  have  to  be  introduced 
(again  assuming  depreciation  at  a constant  percentage 
rate) . 

Sandmo,  op.  cit. . and  Lei and.  Theory  of  the  Firm  Facing 
Uncertain  Demand  (1972),  op.  cit. 

Specifically,  from  (75), 

Ptp(9)  i + q-[6-K  ]+  wL  + M]}  > e.  (*) 

Since  p is  a monotonically  increasing  function  of  6 , 
the  probability  distribution  over  0 defines  a probability 
distribution  over  p,  i.e. 

G(p(0^))  = P[p(0)  < p(0^)]  - PC0  1 0j]  - F(0^)  . 

Since  by  assumption  F is  a continuously  differentiable 
function  of  0 and  p is  a differentiable  function  of 


700 


6 with  p'(6)  > 0 for  all  6,  It  follows  that  G Is  a 
different iable  function  of  p.  Using  the  continuity 
of  G,  (♦)  requires  that 

1 - Qt f ’^o  ^ Q*[5*K]  + wL  + M]}  ^ e, 


G^fdC^L)^!^  iTo  ]+  wL  + M]}  < 1 - e 

or 

f ir^  + q«[6*K]  + wL  + M]£  G ^(1-e) 

o**  -1  1 

II  < f(K,  L)*G  ^(1  - e)  - , 

where  G~^  denotes  the  inverse  of  the  cumulative  distribution 
function  of  p.  Hence, 

M(L;K,TrQ,e)  - f(K,L)*G‘^(l-e)  - - wL.  (♦♦) 

117.  From  (♦♦)  in  footnote  116, 


- f(K,L)-;j|  G‘^(l-c)  » -f(K,L) < 0 , 

g(G"^(l-e)) 

provided  g(G'^(l-e))  f 0,  where  g(x)  • dG/dx. 

118.  From  (*♦)  in  footnote  116, 

|M  . |f  G-l(l  - e)  - w < 0 ( 

for  L sufficiently  large  since  G~^(l-e)  and  w are  fixed 
while,  by  assumption,  3*f/3L*  < 0. 

119.  For  references  see  footnote  63. 

120.  Assuming,  as  in  the  case  of  problem  (11),  that  L(t) 
and  K(t}  are  both  strictly  positive  at  each  point  along 
their  respective  optimal  trajectories.  It  is  also 
assumed  that  M(t)  > 0 at  each  point  along  its  optimal 
trajectory.  This  simplifies  the  analysis  of  the  model 
by  reducing  by  one  the  number  of  cases  that  need  to 

be  considered.  Permitting  ll(t)  ■ 0 can  be  handled 
in  the  same  manner  as  in  the  certainty  case. 

121.  Batra  and  Ullah,  op.  clt . . p.  539. 

122.  Sandmo,  op.  clt. . and  Batra  and  Ullah,  op.  clt. 

123.  Sandmo,  op.  clt. 


133.  Ibid 


See  "Getting  Out,"  Wall  Street  Journal  (March  21,  1975) 
"An  urge  to  purge  misfit  operations," Business  Week 
(April  21,  1975);  and  "Black  Future  for  White?"  Time 
(May  31,  1976). 


See,  for  example,  "Cash-Laden  Firms  Are  In  a Marrying 
Mood.  Spurring  Merger  Wave,"  Wall  Street  Journal  (February 
18,  1977). 


136.  O.E.  Williamson,  A Dynamic  Stochastic  Theory  of  Managerial 
Behavior,  op.  clt. . pp.  21-^2.  Specifically,  "A  decline 
In  the  condition  of  the  environment  Is  therefore  more 
probable  and  an  Improvement  less  probable  when  the 
organization  Is  operated  along  managerial  lines  than 
when  a profit-maximizing  posture  is  adopted.  Opportunities 
that  the  profit-maximizing  organization  will  recognize 
or  develop  will  simply  go  unrecognized  or  undeveloped 
if  the  managerial  syndrome  prevails."  Ibid. . p.  22. 


137.  Ibid 


138.  R.A.  Howard,  Dynamic  Programming  and  Markov  Processes 

(Wiley;  New  York;  ld60),  and  G.L.  iiemhauser , Introduction 
to  Dynamic  Programming  (Wiley;  New  York;  1966). 


139.  Ibid 


One  practical  example  of  such  variation  Is  the  recent 
set  of  sharp  increases  in  the  levels  of  compensation 
of  the  chief  executives  of  the  U.S.  automobile  manufacturers 
Total  annual  compensation  of  the  chairman  of  Ford  Motor  Co. 
increased  from  $334,000  In  1975  to  $970,000  in  1976. 

Total  annual  compensation  of  the  chairman  of  General 
Motors  Increased  from  $575,000  in  1975  to  $950,000 
in  1976.  Total  annual  compensation  of  the  chairman 
of  Chrysler  Corp.  Increased  from  $216,000  In  1975  to 
$620,000  in  1976.  "GM  and  Ford  Chiefs  Are  Each  Awarded 
Nearly  $1  Million,"  Wall  Street  Journal  (April  18,  1977). 

It  also  holds  the  risk  level  fixed,  which  is  important 
because,  under  the  assumption  of  risk  aversion  on  the 
part  of  the  firm,  increases  In  price  that  involve  an 
increase  In  the  level  of  risk  can  have  offsetting 
effects  on  output  when  the  state  of  the  firm's  operating 
environment  Improves. 

A 

Note  that  by  (*)  In  footnote  118,  3‘M/3L3y  ■ 3f/3L  > 0 

(since  G"^(l  - e)  is  the  (1  - c)  x 100  percentile  of 
the  distribution  of  p,  which  Increases  with  y)> 


Strictly  speaking,  the  cycle  In  question  could  be  that 
of  a single  Industry  If  6 Is  so  Interpreted.  That  is, 
the  model  could  apply  with  equal  validity  to  a counter 
cyclical  Industry,  with  6 and  p(6)  varying  counter- 
cyclical ly.  Second,  It  should  be  noted  that,  as  long 


as  the  assumption  of  perfect  competition  (i.e.  price- 
taking behavior  on  the  part  of  the  firm)  is  retained, 
firms  will  continue  to  respond  in  a passive  manner 
to  these  cyclical  influences;  admitting  the  possibility 
of  Imperfect  competition  would  permit  behavior  of  an 
anticipatory  nature  to  be  considered. 


IV.  THE  FIRM’S  FINANCIAL 


r 


I 

C 

1 


i i 


I 
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DfeCISIOJ*S  UNDER  UNCERTAINTY 


A.  INTRODUCTION 

In  a world  of  certainty  where  capital  markets  are 

perfect,^  the  firm's  production  and  Investment  decisions 

(or  collectively,  Its  operating  decisions)  are  separable 

2 

from  its  financial  decisions.  Even  when  there  Is 
uncertainty,  If  there  exists  a set  of  complete  markets 

3 

for  contingent  claims,  the  firm's  operating  decisions 

4 

and  Its  financial  decisions  remain  separable.  However, 
when  capital  markets  are  Imperfect  or  when  the  markets 
for  contingent  claims  are  Incomplete,  separability  Is 
no  longer  assured.^ 

In  actual  capital  markets  there  exist  Imperfections 
In  the  form  of  transactions  costs,  bankruptcy  penalties, 

g 

and  taxes.  Information  Is  generally  not  costless, 

and  Interest  rates  generally  vary  according  to  the  financial 

7 

Strength  of  the  borrower  and  the  amount  borrowed.  Nor 
are  actual  financial  markets  complete.  Indeed,  where 
there  are  positive  costs  of  establishing  and  maintaining 
markets  for  contingent  claims.  It  is  virtually  Impossible 

a 

for  complete  markets  to  exist.  For  actual  firms,  then, 
operating  decisions  are  not.  In  general,  separable  from 
financial  decisions  and  the  interests  of  holders  of  the 

9 

firm's  securities  (and  In  particular  the  firm's  stockholders). 

706 


j 


i 


t 

i 


-.1 

-'■i 


The  aK>del  of  the  firm  developed  In  chapter  three 
abstracted  from  the  firm's  financial  decisions.  The 
purpose  of  this  chapter  is  to  extend  the  model  to  incorporate 
financial  considerations  and  to  use  the  model  to  study 
the  firm's  optimal  financial  decisions  under  uncertainty. 

Of  particular  interest  is  the  impact  of  the  incompleteness 
of  markets  on  these  decisions,  and  this  is  explored  in 
section  E. 

Firms  generally  make  three  major  classes  of  financial 
policy  decisions. First,  the  firm  must  decide  how 
large  a stock  of  cash  to  maintain.  The  firm's  motives 
for  holding  cash  and  the  other  factors  affecting  its 
ca.6h  manag^m^nt  policy  are  discussed  in  section  B. 

Since  cash  is  an  asset,  this  first  decision  affects 
the  composition  of  the  assets  side  of  the  balance  sheet, 
as  illustrated  in  table  IV-1.  Second,  the  firm  must 
detezmine  the  relative  proportions  of  debt  and  equity 
(i.e.  leverage)  to  be  used  in  financing  its  activities. 

The  factors  affecting  the  firm's  4eveA.age  policy  are 
discussed  in  section  C.  Third,  the  firm  must  choose 
the  proportion  of  net  Income  to  be  distributed  to  its 
shareholders  as  dividends  (and  therefore  what  proportion 
to  add  to  retained  earnings).  The  factors  affecting 
its  d^v.idtnd  policy  are  discussed  in  section  D.  The 
latter  two  policies  affect  the  composition  of  the  total 
liabilities  and  stockholders'  equity  side  of  the  firm's 
balance  sheet,  as  illustrated  in  table  IV-1.  The  balance 
sheet  provided  in  table  IV-1  is  a simplified  version 
of  table  I 1-1  and  will  be  referred  to  throughout  the  chapter. 
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Table  IV-1 


Typical  Firm’s  Balance  Sheet 


( 


Assets 


Cash  C 

Inventories  V 


Fixed  Assets 


Total  Assets  C V gK 


Liabilities 

Debt  B 

Contributed 

Capital  XXX 

Retained 

Earnings  xxx 

Equity  E 

Total  Liabilities  and 

Stockholders'  Equity  B E 


In  table  IV-1  there  are  five  entries  that  will  be  of 
Interest  in  the  analysis  presented  in  this  chapter.  On 
the  assets  side  of  the  balance  sheet,  C denotes  the  stock 
of  cash,  which  is  assumed  to  be  non-interest  bearing. 
Inventories,  V,  are  assumed  to  be  directly  related  to  the 
firm's  level  of  output.  That  Is,  In  the  model  developed 
below  inventories,  measured  In  dollars,  will  be  expressed 
as  a function  of  the  firm's  output  level.  Fixed  assets, 

K,  and  the  unit  price  of  capital  goods,  q,  are  Interpreted 
as  before.  On  the  liabilities  side  of  the  balance  sheet, 

B denotes  debt,  which  consists  of  fixed  interest  obligations, 
chiefly  bonds  and  bank  borrowings. Equity,  E,  consists 
of  contributed  capital  and  retained  earnings.  New  share 
issues  add  to  contributed  capital  and  the  portion  of  net 
income  not  paid  out  as  dividends  is  added  to  retained 
earnings.  In  what  follows,  however,  these  two  components 
of  equity  are  treated  collectively. 
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The  flrm'ij  financial  decisions  are  important  for 

several  reasons,  which  are  explored  at  length  throughout 

the  chapter.  Briefly,  financial  capital  is  important 

because  production  is  a time-consuming  process.  The 

firm  must  hire  inputs  and  carry  out  production  before 

it  can  sell  its  output.  The  firm  needs  financial  capital 

in  order  to  be  able  to  purchase  capital  goods  that  will 

provide  a stream  of  productive  services  over  many  future 

time  periods.  In  general,  the  firm  must  also  maintain 

stocks  of  raw  materials  and  finished  goods.  To  finance 

its  investment  in  plant,  equipment,  and  Inventories  - 

l.e.  real  capital  - the  firm  must  obtain  money  capital 

either  through  retained  earnings  or  through  the  issuance 

of  debt  or  equity  instriunents.  In  addition,  the  firm 

must  hire  labor  and  pay  for  raw  materials,  and  due  to 

the  time  lag  between  receipts  and  expenditures  of  cash, 

it  must  maintain  a stock  of  cash  with  which  to  make  these 
12 

transactions.  If  the  firm  is  unable  to  raise  the 

needed  financial  capital,  then  it  may  be  forced  to  eschew 

profitable  investment  opportunities.  If  it  suffers 

a cash  shortage,  it  may  have  to  reduce  its  hiring  of 

inputs  or  sell  off  a portion  of  its  inventories,  or 

worse  yet,  it  may  fail  to  meet  its  bond  interest  obligations 

13 

and  be  forced  to  liquidate. 

The  main  purpose  of  this  chapter  is  to  explore  the 
relationship  between  the  firm's  operating  decisions  and 
its  financial  policy  (i.e.  cash  management  policy,  leverage 
policy,  and  dividend  policy)  decisions.  In  contrast 
to  the  recent  studies  that  have  explored  the  firm's 
production  decisions  in  the  context  of  single  period 


stock  market  equillbrixun,  usually  in  attempts  to  derive 

9 shareholder  unanimity  theorems  or  to  prove  Pareto  optimality 

14 

(or  lack  of  it)  of  stock  market  allocation,  this  chapter 

is  concerned  with  the  firm's  integrated  financial  planning 

15 

within  a multiperiod  framework.  The  first  three  sections 
below  discuss  the  firm's  financial  policies  individually. 

In  section  E the  three  classes  of  financial  policies  are 
integrated  into  a modified  version  of  the  model  developed 
in  the  previous  chapter  and  then  the  optimal  operating 
and  financial  policies  implied  by  fthe  model  are  derived, 
i 

B.  CASH  UANAGEIIENT  POLICY 


The  purpose  of  this  section  is  to  explore  the  first 
of  the  firm's  three  major  classes  of  financial  policy 
decisions,  cash  management  policy.  First,  the  firm's 
motives  for  holding  cash  are  discussed.  Then  a simple 
model  of  the  firm's  transactions  demand  for  cash  is  presented. 

1.  The  Firm's  Demand  for  Cash 

Keynesian  monetary  theory  identifies  three  motives 
for  holding  money:  a transactions  motive,  a speculative 
motive,  and  a precautionary  motive.  The  transactions 
motive  arises  out  of  the  imperfect  synchronization  of 
cash  receipts  and  cash  expenditures.  The  speculative 
motive  arises  out  of  the  possibility  for  profit  by  holding 
cash  and  arranging  securities  purchases  to  take  advantage 
of  interest  rate  changes. The  precautionary  motive 
arises  out  of  the  need  to  maintain  cash  balances  for 
protection  against  unforeseen  circumstances,  such  as  a 
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severe  decrease  in  net  income  that  leaves  insufficient 

19 

funds  with  which  to  pay  bond  interest. 

In  a world  of  certainty  the  firm's  only  motive 

for  holding  cash  is  the  transactions  motive.  Baumol 

and  others  have  modeled  the  firm's  transactions  demand 

20 

for  money  as  an  inventory  management  problem,  with 

the  stock  of  cash  playing  the  role  of  the  inventory  of 

'goods'.  Such  models  are  based  on  the  fact  that  cash 

inflows  and  outflows  cannot  be  synchronized  perfectly 

and  that  there  exist  costs  (e.g.  transactions  costs) 

associated  with  converting  securities  (or  inventories 

of  goods  or  fixed  assets)  into  cash.  These  models  assumed 

(at  least  implicitly)  that  money  serving  as  a medium 

of  exchange  is  a nonproductive  asset. 

In  contrast,  Saving  has  argued  that  money  itself 

22 

is  productive  in  that  it  reduces  transactions  costs. 

While  Saving  carefully  distinguishes  the  productiveness 

of  money  from  the  productivity  of  real  resources  like 

capital  and  labor  - in  particular.  Saving  does  not  treat 

money  as  a factor  of  production  - Friedman  has  argued 

that  the  firm's  money  balances  yield  real  productive 

services  and  that  the  value  product  of  money  depends 

on  the  technical  conditions  of  production  embodied  in 

the  firm’s  production  function. Fischer  and  Wu,  Rozek, 

and  Dutton  have  gone  a step  further  and  treated  the  firm's 

real  money  balances^^  as  a factor  of  production  by  Incorporating 

36 

them  In  the  firm's  production  function: 


where  m denotes  the  firm's  real  money  balances.  Though 
Fischer  took  great  pains  to  Justify  his  derivation  of 
(1),  in  the  opinion  of  this  writer  the  theoretical  Issues 
that  have  been  raised  concerning  the  direct  inclusion 
of  real  money  balances  in  the  consvimer's  utility  function 
can  also  be  raised  concerning  the  direct  inclusion  of 

27 

real  money  balances  in  the  firm's  production  function. 

In  both  cases  the  demand  for  real  money  balances  is  a 

derived  demand.  Under  certainty,  where  there  is  neither 

a precautionary  demand  nor  a speculative  demand  for  real 

money  balances,  real  money  balances  are  valued  for  the 

28 

role  they  play  in  making  transactions  possible.  Money 
is  useful  to  the  firm  - or  'productive'  in  the  sense 
described  by  Saving  - not  because  it  makes  a direct  contribution 
to  production,  but  because  its  use  frees  up  real  resources 
that  would  otherwise  have  had  to  have  been  used  in  the 
execution  of  transactions.  Therefore,  before  one  can 
employ  the  production  function  (1)  in  a model  of  the  firm, 
it  is  necessary  to  specify  the  economic  role  of  m and 
to  indicate  the  derivation  of  (1)  from  the  traditional 
production  function 

Q - g(K,  L)  , (2) 

where  the  symbol  g is  used  in  (2)  to  distinguish  that 
function  from  f in  (1).  The  next  subsection  is  concerned 
with  the  derivation  of  (1)  from  (2). 

2.  Money  and  the  Production  Function 

The  derivation  of  (1)  from  (2)  is  demonstrated 
in  this  subsection  by  showing  how  a function  of  the  form 
of  (1)  could  be  constructed  from  (2)  when  certain  additional 
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suimary  Information  concerning  the  firm's  cash  inflows 

and  outflows  is  provided.  Given  any  output  level,  Q,  the 

production  function  (2)  gives  the  locus  of  input  combinations 

(K,  L)  with  which  Q can  be  produced  with  maximum  technical 

efficiency.  Assume  that  for  each  output  level,  Q,  and 

for  each  input  combination  (K,  L)  satisfying  (2),  the 

time  pattern  of  cash  outflows  for  the  purchase  of  inputs  and 

cash  inflows  from  the  sale  of  output  can  be  used  to  determine 

the  minimum  level  of  real  cash  balances,  m > 0,  that  will 

29 

facilitate  all  such  transactions.  The  different  values  of 
m,  together  with  the  corresponding  triplet  (Q,  K,  L)  for  each, 
define  the  minimum  balance  function. 


m » m(Q,  K,  L)  . (3) 

That  is,  underlying  (3)  there  is  a particular,  possibly 

stochastic,  time  pattern  of  cash  inflows  and  outflows 

for  each  triplet  (Q,  K,  L)  that  determines  the  functional 

30 

relationship  between  m and  (Q,  K,  L). 

If  r denotes  the  market  rate  of  interest,  then 

the  minimum  cost  (including  allowance  for  the  opportunity 

cost,  r*m,  of  holding  real  money  balances)  combination 

of  inputs  for  producing  any  particular  level  of  output, 

Q,  can  be  obtained  by  solving  the  following  mathematical 

programming  problem 

minimize  wL  + IK  r»m(K,  L) 
tK,  L} 


subject  to  Q >■  g(K,  L) 

where  w and  i are  the  unit  costs  of  labor  and  capital, 
respectively,  and  where  m given  by  (3)  has  been  written 
as  a function  of  K and  L only  since  Q is  fixed.  The 
necessary  conditions  for  an  optimal  solution  to  (4)  are 


A 
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•’5STO: 


(5) 


- + rlE.x^-0 

" ' 3L  3L 


i + r 


iK 


where  the  Lagrangian  is  ■ wL  + IK  + r*m(K,  L)  + X(Q  - g(K,L)). 
The  necessary  conditions  (5)  lead  to  the  following  characterization 
of  the  optimal  input  mix: 

M w + rOm/3L) 

■ 3L  “ i + r(3m/3K)  ' 

which  is  analogous  to  the  optimality  conditions  arising 

out  of  the  two  versions  of  the  Vickers  model  discussed 

32 

in  section  I of  chapter  two. 

Returning  to  (3),  note  that  if  3m/ 3Q  ^ 0 in  some 
region,  then  the  implicit  function  theorem  may  be  Invoked 
to  use  (3)  to  define  a function 

Q - h(K,  L,  m)  (6) 

that  holds  locally  (within  the  region  where  3m/3Q  f 0). 

Note  that  (6)  is  really  just  another  way  of  characterizing 
the  relationship  between  minimum  real  money  balances, 
output,  and  input  levels  that  is  embodied  in  (3).  To 
allow  in  addition  for  the  technological  relationships 
that  also  underlie  (1),  define  the  function 

f(K,  L,  m)  H g(K,  L)  + h(K,  L,  m)  , (7) 

where  g is  given  by  (2)  and  where  h is  given  by  (6). 

The  following  two  lemmas  demonstrate  that  the  dtKived 
pKodactlon  ianction  (7)  can  be  used  in  models  of  the 
firm  without  introducing  distortions,  provided  of  course 
that  they  are  correctly  formulated  (and  Interpreted). 
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Lemma  IV-1 


If  the  derived  production  function  (7)  were  used  in  place 
of  the  production  function  (2)  in  determining  the  firm's 
least  cost  combination  of  inputs  for  any  given  output 
level  Q,  the  choice  of  input  mix  would  not  be  affected, 
i.e.  the  optimal  input  mix  would  again  satisfy  (5). 

Proof 

Using  (7),  the  least  cost  combination  of  inputs 

can  be  obtained  by  solving  the  following  mathematical 

programming  problem: 

minimize  wL  + iK  + rm 
{K,L,m} 

subject  to  Q “ f(K,  L,  m) 

where  Q is  given.  The  necessary  conditions  for  an  optimal 
solution  to  (8)  are: 

^ ° 

where  the  Lagrangian  is  ■ wL  + iK  + rm  + X(Q  - f(K,  L,  m)). 
The  necessary  conditions  (9)  are  easily  rearranged  to 
obtain  (5).  Q.E.D. 

The  next  lemma  demonstrates  that  the  derived 

production  function  (7)  exhibits  the  same  mathematical 

properties  as  Fischer's  production  function  incorporating 

33 

real  money  balances. 

Lemma  lV-2 

If  3m/aQ  > 0,  3m/3K  < 0,  3m/3L  < 0;  and  if  g given 
by  (2)  and  h given  by  (6)  are  concave;  then  3f/3K  > 0, 
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3f/3L  > 0,  and  3f/3in  > 0 for  f given  by  (7),  and  moreover, 
f is  concave. 


Remark 


The  assumed  signs  of  the  first  partial  derivatives 
of  the  function  m given  by  (3)  can  be  given  the  following 
interpretation.  An  increase  in  the  'average'  rate  of 
output  Q with  the  'average'  input  levels  held  fixed  requires 
greater  (minimum)  real  money  balances  in  order  to  fund 
the  consequent  increase  in  the  nximber  of  transactions 
(per  unit  time  period).  On  the  other  hand,  increasing 
the  'average'  input  levels  while  holding  the  'average' 
rate  of  output  constant  has  the  opposite  effect,  i.e. 
the  number  of  transactions  (per  unit  time  period)  falls 
and  so  do  the  required  (minimiun)  real  money  balances. 


Proof  of  Lemma  JV-2 

From  (7),  - If  + . By  the  Implicit  function 

theorem,  • From  the  stated  assumptions  it 

follows  that  -1^  > 0 for  all  K,  and  hence,  that  -1^  > 0 
whenever  ^ 0.  The  proof  that  > 0 is  similar.  To 
show  that  "Ij  ^ 0*  note  that  from  (7),  from 


theorem, 


3m/ 3K 


the  implicit  function  theorem,  that 


1 

-3my3q 


But  by  assumption  ^ that  ^ 0 also. 

The  second  statement  follows  from  the  well-known 


result  that  the  sum  of  two  concave  functions  is  concave. 


Q.E.D. 


The  significance  of  lemmas  IV-1  and  IV-2  is  that 
the  use  of  a production  function  of  the  form  of  (1)  in 
the  model  of  a firm  will  not  lead  to  distortions  in  the 
policy  implications  derived  from  the  model,  provided  of 


course  that  the  function  is  defined  correctly.  In  particular, 
it  follows  from  lemma  IV-1  that,  for  any  output  level 
Q,  the  correct  application  of  (7)  leads  to  the  true  minimum 
cost  combination  of  inputs  for  producing  Q.  It  follows 
that  the  use  of  (7)  does  not  affect  the  shape  or  position 
of  the  firm's  total  cost  curve.  Since  the  use  of  (7) 
clearly  would  not  alter  the  treatment  of  demand  or  revenue 
conditions  in  the  model,  it  follows  that  production  functions 
of  the  form  of  (1),  provided  they  are  correctly  formulated 
and  correctly  interpreted,  can  be  incorporated  into  models 
of  the  firm  in  which  the  firm's  transactions  demand  for 
real  money  balances  is  to  be  given  a role  to  play. 

In  subsection  4 the  model  of  the  firm  developed 
in  chapter  three  will  be  modified  for  the  purpose  of  studying 
the  firm's  transactions  demand  for  real  money  balances. 

In  that  analysis  the  derived  production  function  (7) 
will  be  used  in  place  of  the  neoclassical  production 
function  (2). 


3.  Other  Motives  for  Holding  Money  Balances 

The  transactions  motive  for  holding  money  exists 
whether  or  not  there  is  uncertainty.  In  contrast,  the 
speculative  and  precautionary  motives  for  holding  cash 
are  due  to  uncertainty.  Precautionary  balances,  in 
particular,  provide  a buffer  to  protect  the  firm's  viability 
when  economic  conditions  worsen  unexpectedly  and  when, 
as  a result,  its  operations  fall  to  generate  sufficient 
cash  to  meet  the  firm's  cash  obligations.  The  firm  can 
employ  the  precautionary  balances,  and  then  replenish 
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its  precautionary  stock  of  cash  when  conditions  improve. 


In  the  model  of  the  firm  under  uncertainty  developed  later 
in  this  chapter  the  precautionary  motive  (as  well  as  the 
transactions  motive)  is  treated  explicitly.  The  speculative 
motive,  which  in  some  circumstances  may  be  incidental  to 
the  precautionary  motive,  is  not  treated  explicitly. 

In  the  model  developed  below  the  firm  is  motivated  to 

hold  precautionary  cash  balances  when  markets  are  incomplete  - 

though  not  when  markets  are  complete  > to  compensate  for 

risks  (such  as  the  risk  of  bankruptcy)  that  cannot  be 

fully  diversified  away  due  to  the  incompleteness  of  markets. 

4.  A Simple  Model  of  the  Firm's  Transactions  Demand 
for  Cash 

The  purpose  of  this  subsection  is  to  modify  the 
model  of  the  firm  under  certainty  developed  in  section  B 

of  chapter  three  to  incorporate  the  role  of  cash  management. 
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Only  the  deterministic  case  is  considered  here.  The 
firm's  demand  for  cash  under  uncertainty  is  explored  in 
sections  E and  F later  in  this  chapter.  The  main  results 
of  this  subsection  are  first,  that  the  collective  utility 
maximizer  modeled  in  chapter  three  tends  to  maintain  greater 
real  cash  balances  than  a short  run  profit  maximizer,  and 
second,  that  its  transactions  demand  for  real  cash  balances 
is  inversely  related  to  the  interest  rate. 

To  modify  the  model  (11)  of  the  firm  under  certainty 
formulated  in  section  B of  chapter  three,  the  production  function 
(1)  needs  to  be  substituted  for  f(K,  L).  Assume  that 
the  production  function  (1)  is  concave  and  non-decreasing 
in  each  of  its  arguments.  In  addition,  denote  the  change 
in  the  firm's  nominal  (i.e.  unadjusted  for  inflation) 
stock  of  cash  by  N and  denote  by  J the  price  index  (e.g. 
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the  GNP  deflator)  used  to  deflate  the  nominal  addition 
to  the  stock  of  real  money  balances.  Then 

ta(t)  - N(t)/J(t)  , (10) 

where  the  dot  again  denotes  differentiation  with  respect 
to  time.  Assume  that  there  are  no  borrowings  and  no  new 
issues,  so  that  N(t)  represents  the  difference  between 
total  cash  generated  from  operations  less  total  cash  applied 
to  dividends  and  the  purchase  of  capital  goods,  as  illustrated 
in  table  IV-2.  Then  total  dividends  paid  satisfies  the 
following  accounting  identity: 

D(t)  - Ti(t)  - q(t)[I(t)  - 6*K(t)]  - N(t)  , (11) 

which  is  just  equation  (9)  of  chapter  three  with  a -N(t) 

term  on  the  right-hand  side.  The  only  modifications  that 

need  to  be  made  to  the  model  (11)  in  chapter  three,  then, 

are  the  addition  of  the  constraint  (10);  the  substitution 

of  (1)  for  the  production  function  and  (11)  for  the  expression 

-rT 

for  dividends;  and  the  addition  of  a term  Ug(m(T))e 
to  the  objective  function  to  reflect  the  value  the  firm 
attaches  to  having  nonzero  terminal  real  money  balances 
(i.e.  m(T)  >0).  The  introduction  of  Ug,  which  plays 
a role  analogous  to  that  of  Ug,  serves  the  important  purpose 
of  preventing  terminal  real  money  balances  from  falling 
to  zero.  For  the  convenience  of  the  reader  the  modified 
model  is  set  out  below: 

maximize  f'i  U,[p(t)»f(K(t),L(t).m(t)); 

{L(t),I(t),  ° 

ll(t),N(t)}  (l-T){p(t)'f(K(t),L(t),m(t))-w(t)‘L(t)-ll(t)) 

•►T*q(t)*[6‘K(t)]-q(t)»I(t)-N(t);ll(t)]e"*‘^dt 

♦U2(K(T)  )e~*^+U3(m(T)  )e'^’‘ 
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(12) 


subject  to  K(t)  - I(t)  - 6‘K(t),  0 < t < T,  K(0)  given 


in(t)  - N(t)/J(t),  0 < t < T,  m(0)  given 

(l-T){p(t).f(K(t),L(t).in(t))  - w(t)*L(t)  - M(t) 

- q(t).[6.K(t)]}  0 < t < T 

L(t),  K(t),  M(t),  m(t)  >0,  0 < t < T 
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The  Lagrangian  for  problem  (4)  is 
L ,A  ,t]  - 

U I 2 (I3. 

]e“**^  + X^(t)*[I(t)  - 6'K(t)]  + X^(t)-[N(t)/J(t)j 

+ y^(t)[(l-T){p(t)*f(K(t).L(t),m(t))  - w(t)‘L(t)  - M(t) 

- q(t)‘[6‘K(t)])  - . 

The  necessary  conditions  for  an  optimal  solution 
to  (12)  are  conditions  (14),  (15),  and  (17)- (21)  of  chapter 
three,  and  in  addition. 


m(t)  ■ N(t)/J(t),  0 < t < T,  m(0)  given 

■ IT  ® 


3 -rT 
— e 


(15) 


3L^  3U 
3N  " 3^ 


i(-l)e"*^  + X (t)/J(t)  - 0 


(16) 


where  ir-^  e~  measures  the  (discounted)  marginal  utility 

dOB 

of  the  firm's  terminal  stock  of  cash.  Since  (14)  merely 
repeats  one  of  the  constraints,  it  need  not  be  considered 
further. 

Of  the  two  remaining  conditions,  first  consider 
(16),  which  can  be  reexpressed  as: 


X^(t) 

(3Uj/3D)e* 


■ J(t)  . 


(17) 


Table  IV-2  Typical  Firm's  Sources  and  Uses  of  Cash 
under  Certainty  Subject  to  Transactions 
Demand  for  Cash 
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Note  that  equation  (17),  which  relates  to  the  accumulation 
of  cash,  is  analogous  to  equation  (22)  of  chapter  three, 
which  relates  to  the  accumulation  of  physical  capital. 


In  (17)  X (t)  is  Interpretable  as  the  shadow  price  of 
2 

cash,  i.e.  the  value  in  terms  of  collective  utility  of 
an  additional  dollar  added  to  the  stock  of  cash.  The 
ratio  X (t)/( 3U, /3D)e“^^  expresses  the  internal  (to  the 
firm)  trade  off  between  real  cash  balances  and  dividends, 
where  numerator  and  denominator  are  each  expressed  in 
terms  of  discounted  marginal  collective  utility.  The 
right-hand  side  of  (17),  the  price  index  J(t),  measures 
the  externally  imposed  rate  at  which  real  cash  balances 
and  dividends  can  be  traded  off.  According  to  (17),  then, 
in  equilibrium  the  firm  modeled  in  (12)  will  have  equated 
its  internal  rate  of  trade  off  between  real  cash  balances 
and  dividends  to  the  externally  imposed  rate  of  trade 
off  between  these  quantities,  J(t).  This  is,  of  course, 
perfectly  analogous  to  the  interpretation  of  equation  (22) 
of  chapter  three. 


Turning  next  to  (15),  evaluate  -3L^/3m,  use  (17) 

to  obtain  a second  expression  for  X (t),  equate  the  two 

2 

expressions,  and  rearrange  terms  to  obtain 


r - J/J 


af  3U,/3R  + (l-T)y  e'^ 

p.||(i-t)  ♦ ?-||(  au.yab  - 


where  p = p/J  is  the  price  of  output  in  constant  dollars. 
Note  that  equation  (18)  is  analogous  to  equation  (39) 
of  chapter  three.  In  particular,  the  left-hand  side  of 
(18)  can  be  interpreted  as  the  firm's  opportunity  cost 
of  maintaining  a stock  of  cash,  expressed  as  the  nominal 


721 


rate  of  interest,  r,  adjusted  for  inflation.  The  difference 
r - J/J  is  called  the  real  rate  of  interest.  The  right- 
hand  side  of  (18)  can  be  interpreted  as  the  marginal  revenue 
product  of  real  money  balances  adjusted  upward  by  the 
marginal  revenue-equivalent  of  the  increased  dividends 

38 

that  the  increase  in  real  money  balances  makes  possible. 
According  to  (18),  in  equilibrium  the  firm  modeled  in 
(12)  will  increase  real  balances  up  to  the  point  at  which 
the  marginal  revenue  product  of  real  balances  Just  equals 
the  marginal  cost  (=  average  cost  in  this  case)  of  real 
balances. 

Note  that,  since  p,  3f/3m,  and  the  terms  in  parentheses 

on  the  right-hand  side  of  (18)  are  all  positive  and  since 

f is  assumed  to  be  strictly  concave,  the  firm  modeled 

in  (12)  will  tend  to  maintain  larger  real  cash  balances  than 

a short  run  profit  maximizer.  This  follows  from  the  fact  that 

the  traditional  firm's  criterion  for  optimal  real  balances 

is  r - J/J  ■ p which  is  perfectly  analogous  to 
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equation  (40)  of  chapter  three.  This  important  result 
is  stated  as  the  following  theorem. 

Theorem  IV-1 

When  the  firm  modeled  in  (12)  is  in  equilibrium,  it  will 
maintain  greater  real  cash  balances  than  a short  run  profit 
maximizer  would  under  identical  cash  Inflow  and  outflow 
conditions  (i.e.  the  same  functions  m ■ m(Q,  K,  L)  and 
Q - f(K,  L,  m)). 

The  practical  interpretation  of  the  theorem  is  that  the  firm 
modeled  in  (12)  produces  greater  output,  using  more  of  both 
Inputs,  than  a short  run  profit  maximizer.  Ceteris  paribus, 
the  firm  modeled  in  (12)  will  make  more  transactions,  and 

» ■'  


J 


i 
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thus  have  to  maintain  greater  real  balances  than  a short 
run  profit  maximizer. 

This  section  concludes  with  a theorem  that  establishes 
the  inverse  relationship  between  the  firm's  transactions 
demand  for  real  balances  and  the  market  rate  of  Interest 
r when  the  firm's  profit  constraint  is  not  binding. 

Theorem  IV-2 

If  the  production  function  f and  the  utility  function 
are  strictly  concave,  then  the  collective  utility  maximizer 
modeled  in  (12)  exhibits  a transactions  demand  for  cash 
that  is  inversely  related  to  the  interest  rate. 

Proof 

To  prove  the  theorem  it  is  sufficient  to  show 

that  < 0.  First  define  TT  * u e*^^  and  substitute 
or  1 1 

40 

into  (18).  Then  use  (18)  to  define  the  function, 

G(r.m).p  |i[(l-t)^  + ^ +(l-T)p^]-r  ^ . 

Then,  by  the  Implicit  function  theorem. 


It  follows  by  the  strict  concavity  of  f and  that  the 
denominator  in  (19)  is  negative.  Hence  < 0.  Q.E.D 


The  practical  interpretation  of  the  theorem,  which  also 
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holds  for  the  short  run  profit  maximizer,  is  that  the 
firm's  opportunity  cost  of  holding  real  cash  balances 
increases  with  the  Interest  rate,  inducing  the  firm  to 
reduce  its  stock  of  cash.  Alternatively,  the  higher  Interest 
rate  makes  the  firm  more  willing  and  better  able  to  bear 


i 

\ 
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the  transactions  costs  associated  with  converting  other 


assets  Into  cash  when  the  (now  smaller)  stock  of  cash 


runs  out 


This  section  discussed  the  firm's  cash  management 


policy.  The  next  two  sections  discuss  the  firm's  leverage 

and  dividend  policies,  and  then  all  three  classes  of 

financial  policy  decisions  are  Integrated  Into  the  model 
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of  the  collective  utility  maximizer  under  uncertainty. 


C.  LEVERAGE  POLICY 


The  firm's  choice  of  capital  structure  was  discussed 
in  sections  F and  K of  chapter  two.  The  purpose  of  this 
section  is  to  review  briefly  the  salient  points  of  that 
discussion  and  to  explore  the  implications  of  introducing 
debt  into  the  model  of  the  firm  under  certainty  developed 


in  chapter  three 


1.  The  Meaning  and  Importance  of  Leverage 

The  firm's  leverage  policy,  or  choice  of  capital 
structure,  involves  the  choice  of  the  portion  of  the 
firm's  total  investment  to  be  financed  through  the  issuance 
of  debt  instruments  (i.e.  bonds  and  bank  borrowings  ) 
and  the  portion  to  be  financed  through  either  the  issuance 
of  equity  instruments  (i.e.  shares  of  common  stock)  or 
an  increase  in  the  pool  of  retained  earnings.  In  terms 


of  the  balance  sheet  illustrated  in  table  IV-1,  given 
the  firm's  total  assets  C i V + K,  its  leverage  policy 
involves  determining  the  relative  sizes  of  B and  E in 


the  identity 


One  Indicator  of  the  firm's  leverage  policy  is  the  value 
of  its  feve^tage  natlo  (or  dtbt-tqvuity  xat-io),  defined 


leverage  ratio  = B/E  . 
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According  to  traditional  financial  theory, 
an  increase  in  leverage,  as  indicated  by  an  increase  in 
the  value  of  the  firm's  leverage  ratio,  can  have  two 


Since  bondholders  are  paid  a rate 


important  effects 


of  interest  that  is  fixed  at  the  time  the  bond  is  sold 


if  the  firm's  rate  of  return  on  investment  exceeds  the 


interest  rate  on  debt,  the  increase  in  net  Income  resulting 


from  an  increase  in  the  leverage  ratio  (i.e.  net  of  bond 


interest  as  well  as  operating  costs)  causes  the  total 


market  value  of  the  firm  (i.e.  the  sum  of  the  market 


values  of  its  debt  and  equity)  to  increase.  This  continues 
as  the  leverage  ratio  Increases.  The  increased  leverage. 


however,  also  has  a second  effect.  Since  the  firm's  total 


fixed  interest  obligations  must  be  met  when  they  are  due, 
or  else  the  firm  can  be  forced  to  liquidate,  the  Increased 
leverage  ratio  carries  with  it  increased  risk.  Eventually 
the  risk  effect  predominates,  and  the  total  market  value 
of  the  firm  falls  as  the  leverage  ratio  increases  further. 
This  is  illustrated  in  figure  IV-1.  The  firm's  (unique) 
optimal  capital  structure  occurs  at  the  point  A where  the 
total  market  value  of  the  firm  is  maximized. 


According  to  the  liodigliani-Miller  view, 
there  is  no  leverage  effect  and  the  total  market 


Total 

Market 

Value 
of  Firm 


Modlgllani-Hlller  view 


traditional  view 


Leverage  Ratio 


Total  Market  Value  Versus 
Leverage  Ratio 


value  of  the  firm  is  independent  of  the  firm’s  leverage 


ratio,  provided  capital  markets  are  perfect  and  there 


The  assumptions  of 


are  no  corporate  Income  taxes 


perfect  capital  markets  and  the  absence  of  corporate  Income 


taxes  - or  at  least  the  absence  of  a tax  that  treats 


dividends  and  Interest  paid  by  the  firm  differently 


Under  uncertainty,  the  Modigliani 


are  both  crucial 


Miller  proposition  on  thb  irrelevance  of  the  firm's  debt 
equity  ratio  can  be  shown  to  hold,  provided  financial 

AQ 

markets  are  complete  and  also  provided  that  either 


bankruptcy  is  impossible  or  that,  if  it  is  possible,  there 


do  not  exist  any  bankruptcy  penalties. 

One  would  expect  on  the  basis  of  imperfections 
in  actual  capital  markets  and  a tax  system  that  gives 
special  treatment  to  interest  payments  that  the  firm’s 
leverage  ratio  and  changes  in  that  ratio  would  be  of 
material  interest  to  the  managers,  the  creditors,  and 


the  shareholders  of  the  firm 
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2.  A Simple  Model  of  the  Impact  of  Leverage 

The  purpose  of  this  subsection  Is  to  modify  the 
model  of  the  firm  under  certainty  developed  in  section  B 
of  chapter  three.  In  this  subsection  debt  is  Introduced 
into  the  model.  Let  B(t)  denote  the  firm's  amount  of 
outstanding  debt  at  time  t.  By  assuming  that  each  bond 
sells  for  one  dollar,  B(t)  can  simultaneously  represent 
both  the  number  of  bonds  and  the  amount  of  debt  outstanding 
at  time  t.  Let  l(t)  denote  the  average  interest  rate 
on  debt  at  time  t,  so  that  the  product  i(t)*B(t)  represents 
the  firm's  interest  expense  at  time  t.  Denote  the  amount 
of  funds  raised  at  time  t through  new  debt  issues  by 
Y(t).  Then,  by  definition, 

B(t)  - Y(t)  . (20) 

Assume  that  due  to  bond  market  Imperfections  the  Interest 

rate  the  firm  pays  on  new  issues  is  a monotonlcally  increasing 

function  of  the  amount  borrowed  and  that  the  average  Interest 

rate  on  debt  at  time  t satisfies  the  functional  relation 

i(t)  - i[B(t),  Y(t)]  , (21) 

where  3i/9B  > 0 and  31/3Y  > 0 reflect  the  impact  on  i 

53 

of  increased  borrowings  at  time  t.  Further  assume  that 
3‘l/3Y^  > 0,  i.e.  an  increase  in  new  debt  issues  causes 
the  average  rate  of  interest  to  Increase  at  an  increasing 
rate;  that  3^i/3B^  > 0,  i.e.  an  increase  in  the  level 
of  debt  outstanding  causes  the  average  interest  rate  to 
rise  at  an  increasing  rate;  and  that  3^1/3B3Y  > 0. 

Taking  into  account  the  Interest  expense  on  debt,  the  typical 
firm's  income  statement  is  illustrated  in  table  IV-3,  which 
is  a modified  version  of  table  III-l.  The  typical  firm's 
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Table  IV-3  Typical  Finn's  Income  Statement  With  Interest  Expense 
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statement  of  sources  and  uses  of  cash  that  takes  into 
account  bond  Interest  expense  is  illustrated  in  table  IV-4. 

^1  Note  that  the  firm  is  assiuned  not  to  hold  cash  balances. 

This  is  done  in  order  to  focus  the  analysts  on  the  impact 
of  debt  issuance. 

It  follows  from  table  IV-4  that  total  dividends 
paid  at  time  t must  satisfy  the  following  accounting 
identity; 

D(t)  = ir(t)  - q(t)[I(t)  - 6*K(t)]  + y(t)  , (22) 

which  differs  from  equation  (9)  of  chapter  three  in  that 
ir(t)  in  (22)  allows  for  interest  expense. 

For  the  convenience  of  the  reader  the  modified 
version  of  the  model  of  the  collective  utility  maximizing 
firm  is  set  out  below: 

maximize:  [p(t ) • f (K(t ) , L(t ) ) ; (l-x ) {p(t ) -f (K(t ) .L( t )) 

( {L(t).I(t),  ° 

M(t),Y(t)}  _ „(t)-L(t)  - M(t)  - i(B(t),Y(t))-B(t)} 

+ T-q(t)*[6-K(t)]  - q(t)-I(t)  + Y(  t ) ;M(  t ) ]e~*‘^dt 
+ U2(K(T))e"^'^  + U4(B(T))e~^'^ 

(23) 

subject  to:  K(t)  = I(t)  - 6*K(t),  0 < t < T,  K(0)  given 

B(t)  - Y(t),  0 < t < T,  B(0)  given 
(l-T){p(t)‘f(K(t),L(t))  - w(t)-L(t)  - M(t) 

- i(B(t),Y(t))-B(t)  - q(t)-[6*K(t)]}  > 

0 _<  t < T 

L(t),  K(t),  M(t),  B(t)  >0.  0 < t < T 
Th«  ■odified  model  (23)  differs  from  (11)  in  chapter  three 
due  to  the  addition  of  the  constraint  (20);  the  allowance 


729 


Table  IV-4  Typical  Firm's  Sources  and  Uses  of  Cash  under  Certainty 
When  Uses  Include  Bond  Interest  Payments 
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for  debt  Interest  expense  In  the  expression  for  total 
dividends  paid  and  also  in  the  expression  for  net  income 
in  the  profit  constraint;  and  the  introduction  of  the 
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Utility  function  U^,  which  is  analogous  to  Ug  in  (12). 

54 

The  Lagrangian  for  problem  (15)  is 


L rK,B,L.I,M,Y.A  ,X  .t]  - 
y 12 

U.C  ]e"^*  + \ (t)-CI(t)  - 6-K(t)]  + X (t)-[Y(t)]  (24) 

•*•1  2 

+ y (t)[(l-T){p(t)-f(K(t),L(t))  - w(t)-L(t)  - M(t) 

1 

- i(B(t),Y(t))  .B(t)  - q(t)[6.K(t)]-TrQ]. 


The  necessary  conditions  for  an  optimal  solution 
to  (24)  are  conditions  (14),  (15),  and  (17)-(21)  of  chapter 
three,  and  in  addition, 

B(t)  - Y(t),  0 < t < T,  B(0)  given  (25) 

• ^^11  ^^4  _rT 

^ ^ ® (26) 

Iy  ^ ^ y,(i-T)(-  If  B) 

(27) 

+ X (t)  - 0 
2 


3U4 

Where  e measures  the  (discounted)  marginal  utility 
attached  to  having  a nonzero  terminal  stock  of  outstanding 
debt,  B(T)  > 0.  Note  that  since  (25)  merely  repeats  one 
of  the  constraints,  it  need  not  be  considered  further. 

Of  the  two  remaining  conditions,  first  consider 
(27),  which  can  be  reexpressed  as: 


-X^(t)  - ■^{1-(1-T)|f  B}e"^^  - y^(l-T)|f  B . (28) 

Note  that  equation  (28)  is  analogous  to  equation  (22) 

of  chapter  three.  In  (28)  X (t)  is  interpretable  as  the 

2 

implicit  cost  of  debt,  i.e.  the  cost  in  terms  of  discounted 
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collective  utility  of  having  an  additional  dollar  of  debt 


outstanding  at  time  t.  Note  that  X is  negative  since 


the  additional  dollar  of  debt  requires  future  Interest 


payments  (and  hence  smaller  dividends)  and,  if  the  debt 


is  retired,  a dollar  decrease  in  future  dividends  in  order 


to  purchase  the  dollar  of  debt  (and  thereby  'retire'  the 
dollar's  worth  of  bonds).  Issuing  an  additional  dollar 


of  debt  at  time  t enables  the  firm  to  increase  dividends 


at  time  t by  an  amount  equal  to  one  dollar  less  the  marginal 
cost  of  debt,  1 - (1  - t)|y  B,  where  the  factor  (1  - t) 
allows  for  the  deductibility  of  interest  expense  for  tax 


purposes.  The  term  -y^(l-T)-^  B,  which  is  positive  when 

the  profit  constraint  is  binding  since  y^>  0 and  3i/3Y  > 0, 

measures  the  negative  impact  on  collective  utility  implied 

by  an  additional  dollar  of  new  debt  issues,  and  the  resulting 

3i 

increase  in  interest  expense,  (1  - T)-gY  B.  The  right-hand 
side  of  (28),  then,  is  interpretable  as  the  discounted 
marginal  collective  utility  of  an  additional  dollar  of  new 
debt  issues  at  time  t.  According  to  (28),  then,  the  firm 
should  continue  to  increase  new  debt  issues  at  each  time 


t up  to  the  point  at  which  the  discounted  marginal  cost 
of  the  new  debt  issues  just  equals  the  marginal  value 
of  the  new  Issues,  where  marginal  cost  and  marginal  value 
are  measured  in  terms  of  discounted  collective  utility. 

Turning  next  to  (26),  evaluate  -3L^/3B,  use  (28) 
to  obtain  a second  expression  for  X (t),  equate  the  two 


expressions,  and  rearrange  terms  to  obtain 


Equation  (29)  is  used  to  d«Donstrate  the  main  result  of 
this  section,  which  is  stated  as  the  following  theorem: 

Theorem  IV- 3 

When  the  profit  constraint  is  not  binding,  the  firm  modeled 
in  (23)  will  substitute  debt  for  equity  in  its  capital 
structure  in  response  to  an  increase  in  the  tax  rate  t . 

When  the  profit  constraint  is  binding,  the  overall  effect 
is  indeterminate,  being  the  sum  of  an  Income  effect  and 
a substitution  effect,  which  act  in  opposing  directions. 

Proof 

When  the  profit  constraint  is  not  binding,  =0. 

Set  y - 0 in  (29)  and  define  the  function 

31  31  ^^1 

G(Y,t)  - (l-T)[|f(Y-rB)-i-  II  B]-(l-r)^  . (30) 

Note  that  since  r < 1 it  follows  from  (29)  that  the  expression 
in  brackets  in  (30)  is  positive.  Since  i > 0,  B > 0, 

3i/3Y  > 0,  and  3i/3B  > 0 it  also  follows  that  Y-rB  > 0. 

By  the  Implicit  function  theorem. 


3Y  3G/3t 
3t  " 3G/3Y 


-[|4(Y-rB)-l-  II  B] 
(1-t)[— (Y-rB)+  |i] 

3y2 


(31) 


By  the  foregoing  the  numerator  in  (31)  is  negative.  By 
assumption  3i/3Y  > 0 and  3*i/3Y*  > 0,  so  that  the  denominator 
is  positive.  Hence  3Y/3t  > 0,  and  an  increase  in  the 
tax  rate  causes  the  amount  of  new  debt  issues  to  be  increased. 
Since  everything  else  was  held  fixed,  the  first  statement 
has  been  proved. 

To  prove  the  second  statement,  define  the  function 
G(Y,  t)  by  the  expression  on  the  left-hand  side  of  (29). 
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By  the  implicit  function  theorem. 


3Y 

IT 


3G/3t 

3G/3Y 


+y,e^^)[|i(Y-rB)-i-  ||  B] 
^ 3G/3Y 


e^^)(l-T)[|Y(Y-rB)-i-  |i  B]^ 
+ 3G/3Y  ^ ^ 

^y,e^<^)[|i(Y-rB)-i-  |i  B] 

3G/3Y 


(32) 


e’'‘)(l-T)[|^(Y-rB)-l-  II  B] 

3G/3Y 

3 U 

I?  ■ ‘tit  ■^i‘_e''*)(l-T)[0(y-rB)  + |i] 

OJ 

(33) 

3*U 

+ {(l-T)[|Y(Y-rB)-i-  II  B]-(l-r)}— ^ 

3D 

is  positive  since  the  expression  in  brackets  in  (29)  must 
be  positive,  which  implies  that  the  expression  in  braces 
in  (33)  must  be  negative.  Hence,  the  first  term  in  (32) 
is  positive,  and,  by  analogy  with  (31),  corresponds  to 
a substitution  effect.  The  second  term  in  (32)  is  negative, 
and  corresponds  to  an  income  effect.  Q.E.D. 


Theorem  IV-3  leads  to  the  Hicks-Slutsky-type  equation 
(32),  which  can  be  expressed  generically  as: 

3Y  . /3Y.  . .3Y  . 

Jt  ^ir^w^sconstant  'I?~\=constant  ’ ' ^ 

o o 

where  the  first  term  in  (34)  corresponds  to  a substitution 
effect  and  where  the  second  term  corresponds  to  an  income 
effect.  The  interpretation  of  theorem  IV-3  is  that  an 
increase  in  the  tax  rate  t increases  the  attractiveness 
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of  debt  financing  since  interest  expense  is  tax  deductible. 
For  the  firm  in  equilibrium  with  the  profit  constraint 
not  binding,  the  increase  in  x would  Induce  the  firm 
to  substitute  debt  for  equity  in  its  capital  structure, 
i.e.  to  increase  dividends  (thereby  reducing  retained 
earnings)  and  to  increase  debt  in  order  to  maintain  the 
pool  of  money  capital  available  for  Investment  purposes. 
When  the  profit  constraint  is  binding  there  is  a second 
effect.  Since  increasing  new  debt  issues  increases  the 
firm's  debt  interest  obligations,  the  profit  constraint 
becomes  violated  unless  other  adjustments  are  made.  In 
the  extreme  case,  the  increase  in  the  tax  rate  causes 
equity  to  be  substituted  for  debt  and  that  happens  when 
the  second  term  of  the  Hlcks-Slutsky-type  equation  (32) 
is  greater  in  value  than  the  first.  As  in  chapter  three, 
the  profit  constraint,  if  it  is  binding,  can  cause  the 
firm  to  exhibit  the  opposite  form  of  behavior  to  that 
which  it  exhibits  when  the  constraint  is  not  binding. 

D.  DIVIDEND  POLICY 

The  preceding  section  studied  the  firm's  choice  of 
leverage  policy  - its  choice  of  the  (optimal)  debt-equity 
mix  within  its  capital  structure.  This  section  discusses 
the  firm's  choice  of  dividend  policy;  it  takes  the  firm's 
choice  of  leverage  policy  as  given  and  considers  the  firm's 
choice  involving  the  size  of  the  cash  dividend.  The  firm's 
dividend  policy  determines  what  portion  of  net  income 
will  be  distributed  as  dividends  to  shareholders,  and 
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given  its  investment  policy  and  its  leverage  policy,  also 

determines  the  required  amount  of  new  equity  issues  and 

the  composition  of  equity,  E,  in  table  IV-1  between  contributed 

57 

capital  and  retained  earnings. 

The  relevance  of  the  firm’s  dividend  policy  for  the  stock 

market  value  of  its  equity  shares  was  discussed  in  section  I 

of  chapter  two.  That  discussion  will  not  be  repeated  here. 

Rather,  the  salient  points  will  be  reviewed  and  the  role 

of  the  firm's  dividend  policy  in  the  model  to  be  developed 

in  the  next  section  will  be  suggested. 

The  traditional  view  of  the  relevance  of  the  firm's 

dividend  policy  is  that  a marginal  Increase  in  dividends 

, 58 

(at  the  expense  of  retentions)  will  raise  the  share  price. 
Several  empirical  studies  have  suggested  that  a higher 
dividend  payout  ratio  leads  to  a higher  price-earnings 
ratio,®®  i.e.  to  a higher  share  price  for  a given  level 
of  earnings.®®  It  is  argued  that  shareholders  prefer 

61 

inmediate  dividends  to  future,  less  certain  capital  gains. 

An  alternative  view  has  been  put  forward  by  Miller 
and  Modigliani,  who  argue  that,  given  the  firm’s  invest- 
ment policy,  its  dividend  policy  is  irrelevant  to  the  stock 
market  value  of  the  firm,  provided  certain  assumptions 
are  satisfied.®^  As  shown  in  section  I and  in  the  discussion 
of  the  Krouse  model  in  section  K of  chapter  two,  these 
assumptions  require  that  capital  markets  be  perfect. 

In  addition,  Rubinstein  has  shown  that  for  irrelevancy 

to  hold  under  uncertainty,  stronger  assiunptions , such 

^ . 63 

as  the  assumption  of  complete  markets,  are  required. 

The  Krouse  model,  which  was  discussed  in  subsection  4 
in  section  K of  chapter  two,  illustrates  the  interdependence 
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of  the  firm's  Investment  and  dividend  policies  when  capital 
markets  are  imperfect.  Krouse's  model  concerned  a value 
maximizing  firm  under  certainty.  In  the  extension  of  the 
author's  basic  model  in  the  next  section  of  this  chapter, 
the  question  of  separability  is  studied  for  an  expected 
collective  utility  maximizing  firm  under  uncertainty. 

E.  THE  EXPECTED  COLLECTIVE  UTILITY  MAXIMIZER'S  OPTIMAL 
OPERATING  AND  FINANCIAL  POLICIES 


The  purpose  of  this  section  is  to  characterize  the 
financial  policy  decisions  of  the  firm  under  uncertainty. 
Sections  B,  C,  and  D of  this  chapter  discussed  the  firm's 
financial  policies  individually,  and  each  of  the  Illustrative 
models  discussed  in  those  sections  abstracted  from  uncertainty. 
In  this  section  the  three  major  classes  of  financial  policy 
decisions  - cash  management  policy,  leverage  policy,  and 
dividend  policy  - are  considered  within  the  same  model 
under  uncertainty,  and  the  relationship  between  the  firm's 
financial  policy  decisions  and  its  operating  policy  decisions 
is  explored. 


1.  The  Model 

The  purpose  of  this  subsection  is  to  develop  the 

model  of  the  expected  discounted  collective  utility  maximizing 

firm.  The  modeling  technique  employed  below  in  formulating 
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the  model  is  the  time-state-preference  framework. 

As  before,  it  is  assumed  that  the  firm  seeks  to 
maximize  expected  discounted  collective  utility  over  a 
finite  planning  horizon  extending  T periods  into  the  future. 

In  chapter  three  collective  utility  during  each  period  t 
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was  expressed  as  a function  of  total  revenue,  total 
dividends  paid,  a,nd  managerial  emoluments,  and  in  addition, 
as  a function  Ug  of  the  terminal  capital  stock.  But 
in  chapter  three  the  firm's  choice  of  dividend  policy 
and  the  impact  of  this  policy  choice  on  the  firm's  share 
valuation  were  not  treated  explicitly.  In  this  chapter 
the  firm's  choice  of  dividend  policy  as  it  affects  share 
valuation  and  collective  utility  is  a matter  of  Interest. 

In  the  remainder  of  this  chapter  it  is  assumed  that  dividends 
are  valued  by  shareholders  because  of  their  contribution 
to  the  value  of  the  shares  they  hold.  In  the  remainder 
of  this  chapter  it  is  the  share  value,  v,  rather  than 
total  dividends  paid,  D,  that  is  the  direct  source  of 
shareholder  satisfaction;  and  v replaces  D in  U^.  As 
described  below,  v is  a function  of  the  firm's  choice  of 
dividend  policy.  But  v is  a function  of  the  riskiness 
attached  to  the  shares  as  well  as  a function  of  the  dividend 
per  share.  Thus,  a framework  for  handling  uncertainty  (or 
risk®^)  must  be  developed  before  an  expression  for  v can 
be  obtained. 

To  deal  explicitly  with  uncertainty  it  is  assumed 
that  at  each  time  t there  are  S distinguishable  states 
of  nature.  These  are  designated  s ■ 1,  ...,  S.  While 
it  is  assumed  for  convenience  that  the  number  of  possible 
states  is  the  same  for  each  time  t,  it  is  not  required 
that  the  set  of  possible  states  be  the  same  for  each  t, 
nor  is  it  required  that  the  states  be  numbered  in  any 
particular  order.  Time  is  measured  in  discrete  units. 

The  time  periods  are  designated  t - 0,  . . . , T,  where  t • 0 


denotes  the  present,  at  which  the  state  of  nature  is  assumed 
known  with  certainty.  Henceforth,  the  double  subscript 
t,s,  1 £ t £ T,  s ■ 1,  ...,  S,  will  designate  the  state  of 
nature  at  time  t. 

The  possible  states  of  nature  s at  each  time  t 
are  meant  to  reflect  the  different  possible  states  of 
demand  for  the  firm's  product,  the  different  possible 
conditions  prevailing  in  factor  markets  (implying  different 
factor  prices)  and  in  financial  markets  (implying  different 
Interest  rates  and  different  stock  market  values),  the 
different  possible  acts  of  nature  that  might  affect  the 
firm,  and  other  conditions  of  the  firm's  operating  environ- 
ment that  might  have  a nonnegligible  impact  on  the  firm. 

It  is  assumed  that  the  possible  states  of  nature  at 
each  time  t lie  beyond  the  firm's  control,  and  that  the 
firm  can  attach  a (possibly  subjective)  probability  of 
occurrence,  g»  to  each. 

In  this  section  it  is  not  required  that  financial 
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markets  be  complete.  It  is  also  not  required  that  a set 
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of  complete  markets  for  contingent  output  claims  exist. 

Let  „ denote  the  quantity  of  output  sold  during  period 
t in  state  of  nature  s.  It  is  assumed  that  the  alternative 


output  levels,  , for  each  time  t represent  contingent 

output  levels.  Inputs  are  purchased  during  period  t and 
output  for  period  t is  produced  only  after  state  s has  been 
realized.  The  set  of  output  levels,  t « 1,  ..., 

T,  s - 1,  ...,  S,  that  arise  out  of  the  model  developed 
below  are  Interpreted,  then,  as  planned  output  levels 
contingent  on  the  state  s that  actually  obtains  at  each 


time  t,  rather  than  as  output  levels  to  which  the  firm 
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is  contractually  conmitted. 

In  the  remainder  of  this  chapter  a modified  version 
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of  the  Sharpe-Lintner-llossin  share  valuation  formula 
is  used  to  express  the  value  of  a share,  v^,  at  each  time 
t.  It  is  assumed  that  the  share  value  at  each  time  t, 
v^,  satisfies 


E[d]  - e«Var(d) 


(35) 


t p 

where  E[d]  denotes  the  expected  dividend  at  time  t,  Var(d) 

denotes  the  variance  of  the  dividend  at  time  t,  8 denotes 

an  exogenously  determined  positive  constant  that  measures 
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the  stock  market's  collective  aversion  to  risk,  and 

p denotes  the  exogenously  determined  riskless  rate  at 

which  the  stock  market  capitalizes  the  firm's  risk-adjusted 

expected  return,  E[d]  - 8*Var(d).  Thus,  in  (35)  it  is 

assumed  that  the  variance  of  the  dividend,  Var(d),  serves 

as  the  measure  of  the  riskiness  attached  to  the  shares  by 

the  stock  market.  It  is  assiuned  that  the  parameter  p 

takes  into  account  the  market's  assessment  of  the  firm's 
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long  run  growth  prospects. 

Denoting  by  d^  _ the  dividend  per  share  at  time 
t in  state  of  nature  s, 

E[d] 


S 

^ ♦t  s'^t  8 

S-1 


s s 

Var(d)  - E[d*]-(E[d])*-  ,8**! ,8‘^ J^^t .s^^t ,s^* 

Substituting  for  E[d]  and  Vai<d)  in  (35)  yields 
S 8 S 


^ ^ ^t  s^^t  8“^  ^ ^t  s^^t  s^’ 

. 8«1  s-1 


3 


(36) 
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given  by  (36)  is  one  of  the  three  arguments  of  the 

collective  utility  function  , and  the  firm  can  influence 

S 

V4.  through  its  choice  of  dividend  policy  {d^  } for  each 

^ s-1 

time  t. 

Denoting  total  revenue  at  time  t in  state  of 

nature  s by  R.  , and  similarly  interpreting  M.  and 
t I S t , s 

g,  the  objective  functional  is  expressed  as 


maximize  I 


S 

S 0 


t“l  S“1 


* g^l‘^T,s^2^%,s^^l+r^ 


(37) 


where,  as  discussed  above,  the  stock  market  value  of  a 
share,  v^,  given  by  (36)  replaces  total  dividends  paid, 

D.  _,  as  the  argument  of  U,  reflecting  the  main  source 

c ^ S i 

of  shareholder  utility.  For  each  date  t and  state  s 
denote  the  price  of  output  by  p^  ^ and  denote  the  wage 
rate,  the  price  of  capital  goods,  and  the  average  Interest 
rate  on  debt  by  w^  and  i^  respectively.  If 

X|S  ^9^ 

it  is  again  assumed  that  the  product,  labor,  and  capital 
goods  markets  are  perfectly  competitive  and  that  the 
average  interest  rate  on  debt  for  each  date  and  state 
satisfies  (21),  then  total  revenue  for  each  period  t and 
state  of  nature  s is  given  by 


‘t,s 


't,s  '^t,s  ' 


(38) 


where  „ denotes  the  quantity  of  output  at  date  t in 
state  s.  Total  profit  at  date  t in  state  s is  given  by 

%,s  “ ^l-''>^Pt,s*‘5t,s  - ^,s  H,s  - “t,s  - ‘lt,s*'^*‘^t,s 


- H,s(®t,s'  ^,s>*®t,s^  ' 


(39) 
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where  t and  6 are  the  exogenously  determined  tax  rate  and 
rate  of  depreciation,  respectively,  and  where  depreciation 
is  again  figured  on  a replacement  cost  basis. 

Previously  it  has  been  assumed  that  net  income  given 

by  (39)  had  to  satisfy  some  minimixm  required  level  determined 

by  financial  factors,  such  as  the  need  to  generate  sufficient 

cash  from  operations  with  which  to  pay  bond  interest  and 

the  need  to  maintain  sufficient  profits  to  satisfy  the  firm's 

shareholders  that  the  firm's  assets  were  being  well-managed 

and  to  reduce  thereby  the  threat  of  takeover.  In  the 

remainder  of  this  chapter  these  financial  factors  are  treated 

3xplicitly,  so  that  a minimum  net  income  constraint  would 

be  redundant.  Specifically,  the  threat  of  takeover  is  linked 

72 

directly  to  the  share  value.  By  incorporating  v^  as 
an  argument  of  in  (37)  this  factor  is  taken  into  account. 

A higher  share  value  increases  managerial  utility,  in 
addition  to  shareholder  utility,  because  it  reduces  the 
likelihood  of  a takeover.  The  second  aspect  of  the  previously 
employed  net  income  constraint  that  is  incorporated  directly 
into  the  model  in  this  section  is  the  explicit  treatment 
of  cash,  part  of  which  must  be  used  to  meet  bond  interest 
obligations,  and  the  introduction  of  precautionary  cash 
balances,  which  are  held  as  a reserve  to  enable  the  firm 
to  meet  its  bond  Interest  obligations  when  poor  market 
demand  conditions  cause  the  firm's  net  Income  to  be  inadequate. 

Turning  to  production,  it  is  assximed  as  before 
that  the  firm  has  x production  function  that  is  strictly 
concave  and  continuously  differentiable  with  strictly 
positive  first  partial  derivatives.  In  addition,  it  is 
assumed  that  the  same  technological  relationship  between 
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inputs  and  outputs  holds  for  each  date  and  state,  so 
that 


"<Kt.s'  K.s> 


(40) 


for  all  t and  for  all  s,  with 


3Qt.s/»W.s  > 0 


(41) 


The  capital  stock,  K , and  Investment,  I.  , for  each 

X y S X I s 

date  and  state  must  satisfy  the  constraint 


^^t.s  = ‘'t,s  - ‘'t-l,S- 


't,s  - «**'t,s  • 


(42) 


where  the  change  in  the  capital  stock  in  (42)  is  dependent 
on  the  state  s'  obtaining  during  period  t - 1,  and  where 
it  is  assumed  that  investment  is  made  at  the  beginning 
of  the  period  and  that  depreciation  is  reckoned  on  the 
basis  of  the  current  period's  capital  stock.  Note  that 
(42)  is  Just  the  discrete  analogue  of  the  net  investment 
constraint  employed  in  chapter  three  and  earlier  in  this 
chapter.  Solving  (42)  for  yields 


*t,s  “ ^lll^^t-l.s'  ^ 


(43) 


To  complete  the  model  it  is  necessary  to  formulate 
the  financial  identities.  First,  there  is  a balance  sheet 
identity  that  needs  to  be  satisfied.  With  reference  to 
the  typical  firm's  balance  sheet  in  table  IV-1,  the  following 
accounting  identity  must  hold  for  each  date  t and  state  s: 


+ V*  + a*  'K* 
t,s  t,s  ^t,s  t,( 


®t,s  ®t,8  * 


(44) 


Cash  on  hand,  _,  is  assumed  to  equal  some  minimum  level, 
which  is  needed  to  fund  transactions  and  which  is 

X 9 8 

a function  of  the  level  of  output,  plus  some  additional 
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amount  (possibly  zero),  , held  as  precautionary  balances, 

V , s 

or  in  equation  form, 


't,s  “ ^t,s^^t,s^  ^ ^t,s  ’ 


(45) 


(46) 


where 

dC/dQ  > 0 d*C/dQ*  < 0 . 

It  is  also  assumed  that  there  is  some  minlmxim  value  of 
inventories  held  at  each  time  t and  state  s that  is  a function 
of  the  level  of  output , 


t ,s 


'^t  ,s^^t  ,s 


) , 


(47) 


where 


dV/dQ  > 0 d*V/dQ*  < 0 . (48) 

Substituting  (45)  and  (47)  into  (44)  yields  the  balance 
sheet  identity, 

♦ =t,s  * 

Turning  to  the  liabilities  side  of  the  balance  sheet 
in  table  IV-1,  there  are  several  Identities  that  must  be 
satisfied.  Letting  . denote  the  amount  of  bonds  issued/ 
redeemed  at  time  t in  state  of  nature  s,  where  for  convenience 
each  bond  is  assumed  to  be  worth  one  dollar,  and  letting 

denote  the  number  of  shares  of  stock  Issued/repurchased 
at  time  t in  state  of  nature  s,  (20)  becomes 


t,s 


®t-l,s'  ^t,s  ’ 


(50) 


and  the  analogous  identity  for  shares  is 

“t,s  “ “t-l,s'  ^t,8  ’ 

denotes  the  number  of  shares  outstanding  at 


where  n 


t,8 


time  t in  state  of  nature  s. 


J 
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Next,  consider  the  change  In  equity.  As  indicated 

by  table  IV-1,  total  equity  consists  of  contributed  capital 

plus  accumulated  retained  earnings.  Let  denote  the 

amount  of  equity  at  time  t in  state  of  nature  s,  and  let 

and  denote  the  portions  that  represent  contributed 

at , s K i , s 

capital  and  retained  earnings,  respectively,  or  in  equation 


form. 


^t,s  " K*^t,8  R®t,s  * 


(52) 


It  follows  from  (52)  that 


“t.s  - * ^H^.s  • <®3: 

But  5^^  g is  the  change  in  contributed  capital,  which  is 
Just  the  share  price  times  the  number  of  shares  issued/ 
repurchased.  With  given  by  (36),  the  following  identity 


must  hold 


^K®t,s  “ ^t,s*'^t  • 


As  indicated  by  table  IV-5, 


^R®t,s  “ ’'t,s  " ^t,s  * 


(54) 


(55) 


Substituting  (54)  and  (55)  into  (53)  and  rearranging  terms 
gives 

®t,8  - * V.S  - °t.B  • <** 

Unlike  the  version  of  the  expected  discounted 
collective  utility  maximizer  presented  in  chapter  three, 
in  this  section  the  dividend  per  share  for  each  date  and 
state,  d^  -,  is  a decision  variable.  It  is  assumed  that 
new  shares  are  issued  with  dividends  (i.e.  they  are  issued 
at  the  beginning  of  the  period) , so  that  total  dividends 


paid  amount  to 


“t.B  ■ "t.B''‘t.B  • 


(57) 
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Table  IV-5  Statement  of  Retained  Earnings 


Beginning  balance 
Add  net  income  for  the  year 
Total 

Less  total  dividends  paid  during  the  year 
Ending  balance,  retained  earnings 


R®t-l,s’ 


t,s 


R®t-l,s'‘^^t,s 


D 


t,s 


R t,s  R t-1.8*  t.s  t.s 


If  it  is  assumed  that  all  dividends  are  paid  in  cash,  rather 
than  through  the  issuance  of  new  shares,  then  it  follows 
from  table  IV-6  and  the  identity  between  sources  of  cash 
on  the  one  hand  and  uses  of  cash  plus  the  increase  (or 
decrease)  in  the  stock  of  cash  on  the  other  that  total 
dividends  paid  at  time  t in  state  of  nature  s must  satisfy 
the  identity 


t,s 


“t,s***t,s 


(^-■'>^Pt,s*‘^t,s  " "t,s*H,s  ■ “t,s 


- i-  _}  + T*q^  ft  * a 


"t,s 


*t , s t , s 


■’t,S 


(58) 
t-l,s' 


- (n.s  - Vi.s’)  • 


Substituting  (36)  for  v^,  (38)  for  (39) 

,,  (40)  for  0^  g,  (45)  for  and  (57)  for  g,  and 

collecting  the  constraints  (43),  (49),  (50),  (51),  (56), 
and  (58),  the  model  of  the  expected  discounted  collective 
utility  maximizer  generalized  to  incorporate  the  firm's 
financial  policy  variables  can  be  formulated  as  the  following 
stochastic  optimal  control  problem: 
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o > 


maximize 


T S ,8 

I I s-UiCPt  8-^(K  ,L  );i(  I d g 
t-1  s-1  ^ ^'®  ^ 8-1  ^'®  ^’® 


^ S-^  ^ s\ 

g.j_  1,8  X,S  1,8  X,S 


“t,8^<I+?>^ 


*Bii*T,8-"2<*T,s><ll?)’' 


(59) 

subject  to  Kt,s-<I^>''t-l,s’*<ilr>'t,s’  *o,s„ 

®t.s-®t-l,s’*’'t,s'  ®o,Sb  <«»•» 

“t,s-t-l.s'*^,s-  “o.Sb  <*»■=> 

^.s-^-i.s'^t.s-ifBfin.sOt.s 

-»^lA.s-?.s-<B.Vt.sOt.s>'^> 

b)-.^  b-H.s  <590) 

"■**t , 8"*^t , 8 ' ^ , 8”^t , 8^®t , 8 ’ , 8 ^ *®t , 8 ^ 

-de.  E„  „ given 


t,8  t,8’  0,8 


Ct.8C'(*t.8'H.8»^t.8*^.8C'^^t.8'H.8>^ 

(59e) 

, 8*  *^t  , 8*®!  , 8^®t , 8 

“t,8“*t.8“<l-^>^Pt.8*"<*t.8'H.8>-^. 8-^.8 

■'“t,a*S,8^®t,8'^t.8^*®t.8^  (59f) 

♦^•‘lt.8***'t.8*^. 8*^.8’* 

1 8 ® • 

P 8-1  '*•  8-1  '*•  *’■ 
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K 


■®t-l . S ' ^***t-l  , S " S-1 .8  ' , S ' ' 

-<''t,st^<'‘t,8'W.8)] 

■''t-l,s'^^**t-l,s'  ■*'t-l,e' 


C , C , V given 

O.So  ' O.S^  0,8^ 


t , S ’ K , 8 ' **t , 8 ’ , S ' “t  , S ’ , S ’ , S ’ , S - 


> 0 


where  8^  denote8  the  (certain)  8tate  at  time  t * 0. 

According  to  (59),  the  objective  of  the  firm  is 
to  maximize  expected  discounted  collective  utility  subject 
to  a net  investment  constraint  (59a),  a bond  issue/  redemption 
constraint  (59b),  a share  issue/ repurchase  constraint  (59c), 
a change  in  total  equity  identity  (59d),  the  basic  balance 
sheet  identity  (59e),  and  the  sources  of,  uses  of,  and 
change  in  the  stock  of  cash  Identity  (59f),  plus,  of  course, 
nonnegativity  constraints.  The  decision  variables  are 
shown  in  table  IV-7,  according  to  the  type  of  policy  involved. 
The  next  two  subsections  are  concerned  with  the  optimal 
operating  and  financial  policies  implied  by  the  model  (59) 
and  with  the  relationship  between  these  two  sets  of  policies. 


Table  IV-6  Typical  Finn's  Statement  of  Sources  and  Uses  of  Cash 


Table  IV-7  The  Firm's  Policy  Variables 


Financial  Policy 


Operating  Policy 


bond  issue/redempt . Y, 


labor  input  L. 


investment  I 


dividend 


emol 


2.  Optimal  Operating  Policies 

Define  the  following  generalized  Lagrangian  for  (59) 


\ ( 


i 

li 


o 


T S S 
X*x  S*1  8 *1 

s s 

T S 

+ E E X-  . C.  , 

t-1  s-1 

where  the  last  term  in  (60)  corresponds  to  the  nonnegativity 
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constraint  > 0 in  (59).  In  the  next  subsection 

the  firm's  decision  regarding  precautionary  cash  balances 

A 

will  be  considered  and  conditions  under  which  ^ = 0 
at  optimality  will  be  distinguished  from  those  under  which 

A 

_ > 0 at  optimality. 

The  necessary  conditions  for  an  optimal  solution 
to  (59)  are  the  following,  where  the  constraints  in  (59) 
have  not  been  repeated  and  where  all  decision  variables 

A 

but  _ have  been  assumed  to  be  strictly  positive  all 

X f 8 

along  their  respective  optimal  time  paths: 

3L\  It  ® 3f 

• ♦t.s  air  Pt.s  ^I^^TTr^  +g,fj^4.t.s,s'^^-^>^Pt.s  ^ 


s 


3V, 


}^x  [-  irixs  - — t.L.?  J.f....] 


't,8"  " ''S 


• ^ ^ ■ ’«t..  *K.s 


(61) 


f If  I'l.  ■'■1  •;  .4^88,-.  I 

“ 4"  ' 
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°*t.s  3f  I 
'^t.s 

t , r!!t^  !L_  . ^ 

,.-1  e.t^l.s-.s  3L,^g  3Q,^^  3L,^ 


,f^^l,t.s,s-^T^^  g,fl^6,t,s,s'*^"^t,s^ 

3U,  1 . S 

t.s  3if^(T+?>  ^ g,f/4.t,s.s'^-<^-''^^ 

S 

^ ^6  t s ° 

s'»l  o*^.s,s 

3Ui  . j 1 t ^ 

t,s  3R"  ^’t.s  3K^  '*'g.^l^l.t,s,s'^"^ 

s s 


't.s  3f 


V 3f 


j^^6,t,s,8'^^^“'^^'Pt,8  3K 


t.s  31  3V  3f 


e.t+l.s'.sl^SQr^  3K^ 


3L, 

* 


3U, 


r ^ ^T,, 


3U 


2 (_J^)T 

^ 1 f 


T,s  3R  *'T,s  3K^  g ^'^T,s  3K^  ^^l+r 

S 


3f 


3C, 


s 3f  R af 

~^T  T S^~  go  ^ gif  “ "go — * — gif  “^T 

T,s  5,T,S  30^  g 3K^  g 3Cij.  g 3K^  ^ T.s 


(65) 


3f 


‘T,s 


3C, 


T.s  3f 


3V, 


T^  .lf_3  . 0 


'Qt.s 


3L, 


S 
Z X, 


S 

,,+  £ A, 


3i. 


3Yt  s s'-l''2.t,s,s' ■g,^^''4,t,s.s'^^-^>(-  3Y^  J ®t,s> 


t,s 


31 


B.  ^)+l]  = 0 

t,s 


(66) 


I ( 


3L, 


3B 


t , 8 


s s 


S 31 

■*'g,^1^4,t.s,s'^^"'^)(‘^t,s"  3B7^  “t.s^'^S.t.s 


B,  )+X. 


t ,s 
31 


S 

%,^1^6,t,s,s'’^^^‘'^)^’^t,s^  3B7^  “t,s 


t.s 


B*  „]  - 0 


3L, 


3^ 


S 
I X. 


t,8  s'”l  2,t,s,s 


S 

■^g,^1^6,t.8,s''^t,s 


,(-!)+  Z X 
s ' *1 

0 


t.s 


4 , t , s , s ' '^t , s 


3L. 


(67) 


(68) 


7n 


^ ^3  t s 8'^  ^ ^3  t+1  s'  ^ ^4  t 8 s'^-^^t  s> 

t,S  s'-l  8'»1  •®  s'»l  ^•^*®'®  ^•® 


%'il^6.t.®.®'^"‘*t.8^  “ ° 
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(69) 


= 0 


(70) 


3L  S S 


dE 


3L, 


Jd 


t , s 


9v.  S 3U  , . 3v  S S 

^t”s  s=/^’®  ■"  9dt.s  s=l 


+ Z A 


3v  S S 

,,(-n.  )+  Z Z A, 


t,s  gi_-|^  4,t,s,s'  t.s'^  3d^  g g_j^  s'=l 


,x  (71) 


3 k 


3C 


t ,s 


“ ^5,t  ,8^“^^'*’  ,£-^6,t,s,s' ,£^^6,t+l,s' ,s 

S •“  1 S ““  X 


■^^7,t,s  “ ° 


^t.s  > 0 


^7.t.s>  ° 


where  it  follows  from  (36)  that 


(72) 


*7,t,s-Ct,s  = ° 


5^  * i ♦t,A,s'^> 

L > S S — X 


(74) 


in  (71).  Note  that  (74)  implies  that 


3v 

Td 


(75) 


^ 76  ^ • 


(75)  implies  that  an  increase  in  the  dividend  per  share  planned 
for  time  t and  state  of  nature  s may  decrease  the  share 
value  at  t if  its  marginal  Impact  on  the  expected  dividend 
per  share  is  less  than  the  marginal  impact  on  the  riskiness 
per  share,  but  that  if  the  distribution  of  the  planned 
dividend  per  share  across  states  of  nature  is  clustered 

fJA  1 

tightly  around  the  mean  (l.e.  d^  g-E[d]  < ^ for  all  d^  g), 
then  an  Increase  In  any  will  lead  to  an  increase 
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in  v^.  In  particular,  if  ^ is  Independent  of  s,  then 

d.  = E[d]  for  all  s,  and  since  B > 0 by  assumption, 

X I s 

^5^-= — > 0 as  one  would  expect.  Note  that  (74)  also  implies 
t ,s 
that 


ad 


t,s 


^^♦t  s 


(76) 


since  6 > 0,  p > 0,  and  0 < (|»  < 1.  According  to  (76), 

even  if  increases  in  the  planned  dividend  lead  to  increases 
in  v^,  they  do  so  at  a decreasing  rate. 

The  remainder  of  this  subsection  characterizes 
the  firm's  optimal  operating  policies,  which  are  implied 
by  (61)-(65),  and  the  next  subsection  characterizes  its 
optimal  financial  policies,  which  are  implied  by  (66)-(73), 
and  explores  the  relationship  between  the  firm's  financial 
policy  decisions  and  its  operating  policy  decisions.  In 
each  case  the  optimal  policies  under  certainty  are  determined 
by  fixing  the  states  of  nature  s at  t and  s'  at  t -t-  1,  and 
then  the  optimal  policies  under  uncertainty  are  determined 
by  permitting  multiple  possible  states  at  t and  at  t + 1. 

First,  consider  the  policy  implications  of  (61) 

under  certainty.  Fix  s at  t and  s'  at  t 1.  That  is, 

4*,.  o “ 1 for  some  s at  t (with  ^.  = 0 for  all  other  s 

at  t)  and  s'  “ ^ some  s'  at  t + 1 (with  g.  =0 

for  all  other  s'  at  t 1).  But  then  the  subscripts  s 

and  s'  in  (61)  (as  well  as  in  (62)-(73))  are  redundant  and 
S S 

Xg  t replaces  ^.“e.ttl.s’.s 

in  (61).  Simplifying  (61)  in  this  manner  and' rearranging 
terms  yields 
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The  first  term  on  the  left-hand  side  of  (77)  can  be  interpreted 


as  the  total  revenue-related  Impact  on  marginal  collective 


utility  of  an  Incremental  change  in  labor  usage,  which  is 


adjusted  for  the  implicit  cost  of  the  marginal  cash  balance 
and  working  capital  (i.e.  Inventory)  requirements  associated 
with  the  change  in  output.  It  is  shown  below  that  ^ 
can  be  interpreted  as  the  firm's  Implicit  marginal  cost 


of  money  capital  and  that,  in  general,  Xg  ^ > 0.  The 
difference  ^5  ^ “ ^6  t+1  interpreted  on  the  basis 

of  (60)  as  the  implicit  cost  in  terms  of  dividend  payments 


this  period  and  next  of  an  increase  in  cash  balance  and 


working  capital  requirements,  where  this  difference  reflects 
the  fact  that  an  increase  in  cash  balances  and  working 


capital  totaling  one  dollar  this  period  will,  ceteris 


paribus,  reduce  the  amount  of  cash  available  for  paying 


dividends  this  period  by  one  dollar  but  will  also,  ceteris 


paribus.  Increase  the  amount  of  cash  available  next  period 


by  one  dollar  (by  reducing  the  required  increase  or  increasing 
the  permitted  decrease  in  the  levels  of  cash  and  value 
of  inventories).  Thus,  the  implicit  cost  of  the  marginal 
cash  balance  and  working  capital  requirements, 


it  comprised  ol^an  opportunity  cost  term  -Xg 
and  s dividsnds-relsted  cash  flow  impact  term 


( 


I 

! 


r 


i 

i 

■ I 


i 


I 

i 


t:  * 


( 


Before  interpreting  the  second  term  on  the  left- 
hand  side  of  (77),  it  will  prove  helpful  to  prove  the 
following  lemma. 

Lemma  IV-3 

Under  certainty  ^4  ^ ^ ^6  t ^ ® when  the  firm  modeled  in 
(59)  is  in  equilibrium. 

Proof 

It  follows  from  (63)  that 
1 t 

■5¥“^T+r^  “ • 

But  > 0 and  0 < t < 1 by  assumption,  so  that  ^ 

+ As  t ^ optimality.  Q.E.D. 

The  sum  ^4  ^ ^5  't;  interpreted  as  the  Implicit 

cost  of  a change  in  net  income,  measured  in  terms  of  the 

change's  impact  on  total  equity,  A^  plus  its  impact 

on  current  period  cash  flow,  A^  According  to  lemma  IV-3, 

o,  t 

this  unit  cost  is  strictly  positive  at  optimality. 

The  second  term  on  the  left-hand  side  of  (77) 

can  be  interpreted  as  the  net  income-related  impact  on 

collective  utility  of  a change  in  labor  usage,  where  this 

marginal  Impact  is  measured  as  the  product  of  the  change 

3f 

in  net  Incooe  (1-T)(p  ^ -w),  which  is  negative  when 
3f 

p <w,  and  the  implicit  marginal  cost  of  a change  in 
net  income,  A^  t'  positive  by  lemma  IV-3. 

According  to  (77),  then,  under  certainty  a firm  of  the 
type  modeled  in  (59)  should  continue  to  expand  its  labor 
usage  until  the  point  at  which  the  marginal  increase  in 
collective  utility  resulting  from  the  Increase  in  total 
revenue  adjusted  for  the  implicit  cost  of  the  Increased 
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cash  balance  and  working  capital  requirements  plus  the 
Implicit  cost  of  the  Increased  labor  usage  In  terms  of 


Its  Impact  on  net  Income  Is  zero.  Uore  Importantly 


(77)  leads  to  the  following  result 


Theorem  IV-4 


Under  certainty  for  a firm  of  the  type  modeled  in  (59) 


If  a unit  Increase  In  output  contributes  more  to  collective 


utility  than  the  required  Increases  In  cash  balance  and 


working  capital  requirements  subtract,  l.e.  If 


Pt^I+r^  " *-^5,t'^^6,t“^6,t+1^^3Q  * 3Q^  ^ 
firm  will  produce  more  output  than  a short  run  profit 


maximizer  would  when  It  Is  In  equilibrium 


Proof 


It  follows  from  (41)  and  the  stated  assumption 
that  the  first  term  on  the  left-hand  side  of  (77)  Is 


strictly  positive  at  optimality.  By  lemma  IV-3,  ^4.t*^6.t  > 0 

3f 

at  optimality.  Hence  p.  -jr—  - < 0,  and  the  conclusion 


follows  by  the  assumed  concavity  of  f 


A somewhat  different  Interpretation  of  (77)  Is 


possible  when  the  necessary  condition  Is  rewritten  as 


(79)  leads  to  the  following  corollary. 


Corollary  IV-4-1 


Under  certainty  a firm  of  the  type  modeled  In  (59)  will 
Increase  its  usage  of  labor  up  to  the  point  at  which 
the  marginal  increase  In  collective  utility  due  to  the  ^ 


increase  In  total  revenue,  Pt^T+r^  31”  ' Pl'*® 

t 

marginal  impact  on  collective  utility  due  to  the  change 

9f 

in  net  income,  (1-t)(X^  t^^6  t^^^’t  "JE "'t^'  equals 

t 

the  implicit  marginal  cost  of  the  increased  cash  balance 

3C 

and  working  capital  requirements,  [Xg  t~^f5  t+1^^3Q 

. 3V.3f 
3Q^3L^  • 

Also  of  interest  is  how  the  firm  modeled  in  (59) 


would  be  expected  to  react  to  changes  in  the  implicit  cost 


of  marginal  cash  balance  and  working  capital  requirements 


To  explore  this,  three  cases  are  considered,  according 


to  whether  Xg  ^■'■^0  t“^6  t+1  positive,  zero,  or  negative. 

Since  ^5  ^ ^ ® since  one  would  expect  Xg  ^ and  -Xg  to 
be  roughly  offsetting  under  most  circumstances,  the  case  in  which 


> 0 is  the  most  interesting  economically 


> 0 (marginal  cost  is  positive) 


Corollary  IV-4-2 


If  the  implicit  marginal  cost  of  the  increased  cash  balance 
and  working  capital  requirements  decreases  less  rapidly 
with  an  Increase  in  output  than  the  sum  of  the  marginal 
Impacts  on  collective  utility  of  the  changes  in  total 


revenue  and  net  income,  i.e.  if 


then  an  Increase  in  the  firm's  cost  of  financial  capital, 

X.  4.*  or  more  generally,  an  increase  in  the  implicit  cost 

o,  t 

per  unit  of  Increased  cash  balance  and  working  capital 


requireineDts,  [Ag  t”^6  t+1^’  ® fall  in  the 

firm's  optimal  level  of  output.  If  the  implicit  marginal 

cost  of  the  increased  cash  balance  and  working  capital 

requirements  decreases  more  rapidly,  l.e.  if  the  sign  in 

(80)  is  reversed,  then  the  increase  in  (or  ^5  t‘*’^6,t 

,)  leads  to  a rise  in  the  firm's  optimal  level 
6,t+l 

of  output. 

Proof 

It  follows  from  (41),  (46),  and  (48)  that 


dL 


^C^5,t'*’^6,t”^6,t-H^ 


. 3V.3f 
B 


(81) 


where 


3*Ui  1 f.  3U«  * i V 3*1 

B * nr  ^ * <^-'>^^4,t'*’^6,t^p  ^ 


- CA, 


3L' 

3V*  w3f , * 


,3C  ^ 3V.3*f 


» ^ T//3  c ^ 4.  tfVxo 


iiP 

5,t’'^6,t"^6,t+l-'"'3Qj 

has  the  same  sign  as  B given  by  (82).  But  (80)  implies 
that  B < 0.  Hence  aW^CAg  < 0 by  (80), 

and  thus,  by  (41),  Q falls  when  Ag^^+Xg^^-Xg^^^j^  increases. 
Moreover,  B > 0 when  the  inequality  in  (80)  is  reversed, 
so  that  in  that  case,  by  (81)  and  (41),  Q rises  when 

Corollary  IV-4-3 

If  (80)  holds,  then  an  Increase  in  the  marginal  cash 

3C  3V 

balance  and  working  capital  requirements,  •Jq  "gQ  * 
each  output  level  causes  the  firm's  optimal  output  level 
to  fall.  But  when  the  Inequality  in  (80)  is  reversed, 
the  increase  in  output  level  causes  the 

firm's  optimal  output  level  to  increase. 


(82) 
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Follows  directly  from 


where  B is  given  by  (82) 


The  results  presented  in  corollaries  IV-4-2  and 
IV-4-3  are  sunmarized  graphically  in  figure  lV-2.  In  each 
part  of  the  overall  figure  curve  A represents  the  graph 

TT  Ii  * 3E  -») 

3C  3V  3f 

B represents  the  graph  of  [Xg  t“^6  t+1^^^  * ’ 

Note  that  under  the  stated  assumptions  (of  this  case),  each 
curve  must  be  downward  sloping.  Note  also  that  an  increase 


in  either  [Xg  ^+Xg  ^-Xg  or  (-g^  + |^)  shifts  B upward 

while  leaving  the  position  of  A unchanged,  in  figure  IV-2(a) 

marginal  impact  (A) 
marginal  cost  (B) 


marginal  impact  (A) 
marginal  cost  (B) 


Effect  on  Labor  Usage  of  a Change 
in  the  Implicit  Cost  of  and  Level 
of  Cash  Balance  and  Working  Capital 
Requirements  (positive  marginal 
cost) 


Figure  IV-2 


curve  B has  a smaller  slope  than  curve  A,  i.e.  (80)  holds, 

so  that  labor  usage  (and  hence  output)  falls  when  B shifts 

upward  to  B'  due  to  the  increase  in  the  implicit  marginal 

cost  of  cash  balance  and  working  capital  requirements. 

The  reverse  happens  in  figure  IV-2(b)  because  there  B 

is  steeper  than  A,  i.e.  the  inequality  in  (80)  is  reversed. 

It  should  be  noted  that  if  C and  V were  convex, 

rather  than  concave,  then  the  curve  B in  figure  IV-2  would 

be  upward  sloping.  In  that  case  an  increase  in  either 

3(5  3 V 

^^5  t'*’^6  t“^6  t+1^  "SQ  cause  labor  usage, 

and  hence  output,  to  fall.  However,  it  seems  more  reasonable 

to  this  writer,  in  view  of  the  EOQ  formulas  from  inventory 

theory,  to  treat  C and  V as  concave  functions  of  Q,  as 

75 

was  done  in  (46)  and  (48). 

case  (ii):  Ag  t“^6  t+1  * ® (marginal  cost  is  zero). 


Corollary  IV-4-4 

An  increase  in  the  implicit  cost  [Xg  ^■♦■^0  t“^e  t+1^ 

causes  both  labor  usage  and  output  to  fall,  while  an 

increase  in  cash  balance  and  working  capital  requirements, 
3C  3V 

■Jq  3Q  , °°  effect  on  either  labor  usage  or  output. 

Proof 


The  first  statement  follows  from  (81)  and  (82), 

0 in  (82).  The  second 
statement  follows  from  (83)  with  Xg  ^'♦■^0  t“^6  t+1 
equal  to  zero.  Q.E.D. 


where  B < 0 when  t"^6, t+1 


case  (ill): 


^5.t'*'^6.t“^6.t+l 


< 0. (marginal  cost  is  negative) 


Corollary  IV-4-5 

An  increase  in  the  implicit  cost  [Xg  t~^6  t+1^  causes 

both  labor  usage  and  output  to  fall,  while  an  increase 
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in  cash  balance  and  working  capital  requirements,  • 

causes  labor  usage  and  output  to  increase. 


Proof 


The  first  statement  follows  from  (46),  (48),  (81), 
and  (82)  since  B < 0 according  to  (82)  when  ^5,t‘^^6,t 
-X/s  < 0*  The  second  statement  follows  from  (83)  since 

D , X+1 

B < 0 and  ^ > 0* 


Q.E.D. 


The  results  presented  in  corollary  IV-4-5  are 
summarized  in  figure  IV-3.  Since  Xg  ^‘♦'Xg  ^-Xg  < 0, 
increasing  Xg  ^+Xg  ^-Xg  causes  curve  B,  which  is  now 

positively  sloped,  to  shift  upward,  while  increasing 
-f  -Ir  causes  B to  shift  downward  (unlike  figure  IV-2 

dQ  9Q 

in  which  an  increase  in  either  factor  caused  curve  B to 
shift  upward).  In  figure  IV-3(a)  curve  B shifts  upward 


marginal  impact  (A) 


(a) 


(b) 


Figure  IV-3  Effect  on  Labor  Usage  of  a 
Change  in  the  Implicit  Cost 
of  and  Level  of  Cash  Balance 
and  Working  Capital  Require- 
ments (negative  marginal  cost) 
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to  B*  and  labor  usage  (and  hence  output)  falls  due  to  the 


Increase  in  6 t“  6 t+1  figure  IV-3(b)  curve 

B shifts  downward  and  labor  usage  increases. 


The  importance  of  theorem  IV-4  and  its  corollaries 


is  that  it  demonstrates  clearly  the  relationship  between 


the  firm's  output  decisions  and  the  cost  of  obtaining 


the  needed  financial  resources  to  support  the  required 


transactions  cash  balance  and  working  capital  requirements 


Where  such  requirements  exist,  the  firm's  choice  of  output 


level  is  not,  in  general,  independent  of  financial  cost 


considerations.  The  results  suggest,  for  example,  that 
when  the  implicit  cost  t^^6  t“^6  t+1^  positive  it 
is  not  unlikely  that  the  firm's  choice  of  output  level 


is  constrained  in  the  sense  that  a greater  output  level 


would  be  chosen  were  the  implicit  cost  lower.  In  the 
extreme  case,  the  firm  might  even  find  itself  facing  a 
liquidity  crisis,  in  which  the  implicit  cost  (and  possibly 
even  the  explicit  Interest  cost  as  well)  of  the  marginal 
cash  balance  and  working  capital  requirements  was  very 


large  Indeed,  and  in  which,  as  a consequence,  financial 


restrictions  were  severely  affecting  operating  decisions 


Turning  to  (62)  and  (63),  the  following  theorem 


is  easily  proved 


Theorem  IV- 5 


Under  certainty  a firm  of  the  type  modeled  in  (59)  will 

D 

pay  a level  of  managerial  emoluments  at  each  time  t such 
that  the  collective  marginal  rate  of  substitution  between 
managerial  emoluments  and  net  income  Just  equals  one  minus 
the  tax  rate.  The  firm  will  select  the  level  of  investment 


at  each  time  t such  that  the  collective  marginal  rate  of 


substitution  between  physical  capital  and  dividends  Just 
equals  the  price  of  capital  goods  at  t. 

Proof 


r 


i 


i 
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It  follows  from  (63)  that 


- (i-T) 


^4,t'^^6,t 
and  it  follows  from  (62)  that 

^6,t 


(84) 


(85) 


where  in  each  case  the  stated  necessary  condition  was 
reexpressed  as  the  appropriate  necessary  condition  under 
certainty.  Q.E.D. 


Theorem  IV-5  merely  verifies  results  proved  in 
chapter  three.  Note  in  particular  that  (84)  is  analogous 
to  (28)  in  chapter  three  and  that  (85)  is  analogous  to 
(23)  in  chapter  three,  where  t^^6  t measures 

the  impact  of  a change  in  managerial  emoluments  on  net 
income,  and  indirectly,  on  total  equity  (A^  ^)  and  cash 
flow  (Ag  ^),  and  where  (A^^  measures  the 

value  of  a unit  of  Investment  in  terms  of  the  undepreciated 
balance  remaining  at  the  end  of  the  period.  Thus,  as 
in  chapter  three,  the  firm  selects  the  optimal  levels 
of  managerial  emoluments  and  investment  at  each  time  t 
by  equating  the  appropriate  internal  rate  of  trade  off, 
or  marginal  rate  of  substitution,  on  the  left-hand  side 
of  (84)  and  (85),  respectively,  with  the  relevant  externally 
Imposed  rate  of  trade  off  on  the  right-hand  side  of  (84) 
and  (85),  respectively. 
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Turning  next  to  the  selection  of  the  optimal 
capital  stock  at  each  time  t,  , consider  (64).  The 
analysis  for  the  terminal  capital  stock,  K,p,  proceeds 
analogously  using  (65),  and  so  is  not  considered  here 
explicitly.  For  the  certainty  case  (64)  can  be  rewritten 


3U 

^^-■^^(^4,t'^^6,t^^Pt  llr  " ^i.t  ^i:^^^i,t+i 


3C  3f  ^ 3V  3f 


It  follows  from  (62)  that 


'l,t  - -6,t  * ‘*t  * 


(86) 


X,  . - X 

^l,t+l  “ ^6,t+l*‘^t+l*^^'^'^^ 

Substituting  (87)  into  (86)  and  rearranging  terms  yields 

(l-T)(X4,t+X6,t)Pt  Pt 


(87) 


3C  , 3V,3f 


(38) 


or  equivalently,  that 

( 
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9K  It  *4  '4,t**6,t 


.3C  . 3V.T 

^35 


(89) 


t ''lir  <•»  * "Jtti 

M,t  *6,t  ^ ^ ^4,t  ''6,t  ^ ^ 


^6.t  „ T 

“ \ ^t^  * 

4,t  6,t  ^ 
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The  equlllbriiun  condition  (89)  is  analogous  to 
the  equilibrium  condition  (40)  in  chapter  three,  though 


(89)  is  somewhat  more  complex  due  to  the  explicit  treatment 


given  financial  factors  in  the  model  of  the  firm  (59) 


In  particular,  the  left-hand  side  of  (89)  is  analogous 


to  the  right-hand  side  of  (40)  in  chapter  three  and  can 
be  interpreted  as  the  marginal  value  of  an  additional 
unit  of  physical  capital  adjusted  (as  were  the  corresponding 
expressions  for  labor,  (75)  and  (77))  for  the  implicit 
cost  of  the  marginal  cash  balance  and  working  capital 
requirements  associated  with  the  increase  in  output  resulting 


from  the  incremental  unit  of  physical  capital  applied 


three  and  can  be  interpreted  as  the  marginal  cost  of 

physical  capital  expressed  as  the  sum  of  the  opportunity 

^5  t 

cost  of  the  unit  of  capital  t ir implicit 


implicit  value  (in  terms  of  cash  flow)  of  the  increase 

^6  t+1 

in  capital  goods  prices  between  t and  t + 1,  q^ 

^6t  4,t6,t 

- -r — Sx*: q^.].  Hence,  the  marginal  cost  of  physical 

^4,t  ^6,t  ^ 

capital  has  the  same  three  components  as  before.  The  main 
difference  between  the  marginal  cost  of  physical  capital 


implied  by  (89)  and  the  one  implied  by  (40)  in  chapter  three 
is  that  the  values  attached  to  the  various  cost  elements 


in  (89)  are  determined  implicitly. 

In  view  of  the  analogy  between  (88)  and  (77) 


results  analogous  to  those  presented  in  theorem  IV-4  and 


its  corollaries  could  be  proved  for  physical  capital. 
Rather  than  essentially  reproduce  those  results,  (88) 
will  be  used  together  with  (77)  to  prove  the  following 
result . 

Theorem  IV-6 

Under  certainty  the  expansion  path  for  a firm  of  the  type 

3L  1 i 

modeled  in  (59)  is  given  by  w ’ 


i s 


‘4,t  "e.t 


+ (1-T)q^*6  - [ 


6,t^-l  . 

A ■ ;+A-  ;‘*t+i 
4 , t 6 , t 


6_^t 


^4 , t^^6 , t 


q^]  . (90) 


Proof 


It  follows  from  (77)  that 


11  _ 
aL  9U, 


(I-t)w(A^  ^4Ag  ^) 


(91) 

and  it  follows  from  (88)  that 


11 

3K 


^^^4.t'*'^6.t^ 


Dividing  (92)  by  (91)  yields 


(92) 


3L 

IK 


3f/3K 


1 i 

1-T  W 


where  1 in  (92)  and  (93)  is  given  by  (90). 


(93) 

Q . E . D . 


The  significance  of  theorem  IV-6  is  that  whatever 

restraints  on  the  firm's  choice  of  output  level  are  implied 

3C  3V 

by  the  cost  adjustment  terra  t^^6  t~^6  t+1^^^  * 

are  neutral  with  regard  to  the  firm's  selection  of  its 
optimal  input  mix  since  the  cost  adjustment  term  does  not 
appear  in  (90),  and  hence,  does  not  affect  (93).  However, 
it  cannot  be  concluded  that  the  expansion  path  of  the  firm 
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modeled  in  (59)  is  independent  of  financial  considerations, 
even  under  certainty.  Even  though  (93)  above  and  (44) 
in  chapter  three  are  identical  in  form,  the  marginal  cost 
of  physical  capital,  i,  is  not  necessarily  the  same  in 
both  cases. 

Corollary  IV-6-1 

Under  certainty  the  expansion  path  for  a firm  of  the  type 
modeled  in  (59)  will  coincide  with  the  expansion  path  of 
a short  run  profit  maximizer  only  if  i given  by  (90)  is 
Identically  equal  to  rq^  + (1-T)q^6  + - q^  for  all 

output  levels  at  each  time  t. 

Proof 

Under  the  stated  assumption  (93)  above  and  (44) 
in  chapter  three  (written  in  discrete  time  form)  agree. 

Q.E.D. 

Conditions  when  the  two  formulas  would  agree  and  conditions 
when  they  would  not  agree  were  discussed  in  chapter  three. 


-J 


It  follows  from  (90)  that  the  two  would  agree  if  there 
were  effectively  no  constraint  on  total  equity,  i.e. 

^ - 0;  if  the  relative  value  of  an  addition* 1 unit 
of  cash  this  period  and  next  were  identically  one,  i.e. 

; and  if  the  normalized  marginal  cost  of 

D p O . \ 

^5  t 

financial  capital  were  equal  to  the  interest  rate,  -r Jr 

^4,t  ^6,t 

all  of  which  would  require  at  the  very  least  the  sort 

of  frictionless  world  hypothesized  in  neoclassical  models 
77 

of  the  firm. 

Next  considering  the  firm's  optimal  operating 
policies  under  uncertainty,  begin  with  (61),  which  can 


be  rewritten 


3U^ 
'r.,s  3R" 


. 1 xt 


3f 


t ,s 


, 3f 

^Pt.s  - *t.s> 

S 

^^5,t,s  ■*■  g,^j^^6,t,s,s' 


g.fl^6,t+l,s' ,s^ 


(94) 


^^t  s s 3f 

^^t.s  ^‘^t.s 


(94)  is  perfectly  analogous  to  (79),  with  the  main  differences 
being  that 

- For  each  time  t there  is  a necessary  condition  (94) 
for  each  state  s that  might  obtain  at  t. 

- Each  term  in  (94)  is  probability  weighted,  with  the 

probability  appearing  explicitly  in  the  first 

term  on  the  left-hand  side  of  (94)  and  being  incorporated 
within  the  Lagrange  multipliers  in  the  other  terms 


in  (94). 


- Where  Intertemporal  effects  are  to  be  taken  into 

account  in  (94)  there  are  Lagrange  multiplier  sums, 

S 

e.g,  ^ ^ii  4-  o ci>  that  can  be  interpreted  as  expected 
g I 4 , X , s , s 

values  contingent  upon  state  s at  t,  where  the  expectation 
is  taken  with  respect  to  the  states  s' that  might  obtain 
at  t + 1. 

Before  interpreting  (94)  it  will  prove  helpful  to  prove 
the  following  lemma,  which  is  analogous  to  lemma  IV-3. 

Lemma  lV-4 


S 

under  uncertainty  ^,t^(>4,t,a,s'*^6.t,s,s 
firm  modeled  in  (59)  is  in  equilibrium. 


> 0 when  the 
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Proof 


It  follows  from  (63)  that 


But  > 0 and  > 0 for  all  s and  0 <t<  1 by  assumption 

®“t,s 

so  that  the  conclusion  follows.  Q.E.D. 


According  to  lemma  IV-4,  the  expected  implicit  cost  of 


a change  in  state  s net  income, 

■«  > W I o , o 

where  the  expectation  is  taken  over  the  possible  states  s 


that  might  obtain  at  t + 1,  is  strictly  positive  at  optimality 


The  implications  of  (94)  are  summarized  in  the 
following  theorem  and  corollaries. 


Theorem  IV-7 


If  a unit  increase  in  output  at  time  t in  state  of  nature 


s would  contribute  more  to  expected  collective  utility 


than  the  required  Increases  in  cash  balance  and  working 
capital  requirements  would  be  expected  to  subtract,  l.e.  if 


( *■"  ) > 0,  then  the  firm  modeled  in  (59)  will 
®^t,s  ®^t,s 

produce  greater  output  in  that  state  of  nature  when  it 
is  in  equilibrium  than  a short  run  profit  maximizer. 


Proof 


It  follows  from  (41),  letrana  IV-4,  and  the  stated 


< 0,  which  leads  to 


assumption  that  p^  „ -r? « 

the  desired  result  by  the  assumed  concavity  of  f 


Corollary  IV-7-1 


Under  uncertainty  the  firm  modeled  in  (59)  will  expand 
its  usage  of  labor  up  to  the  point  at  which  the  marginal 


I 

I 


Increase  in  expected  collective  utility  due  to  the  increase 

1 t 

in  total  revenue  in  state  s,  Pt.s^I+r^  '517 — ' 

’ ' t , s 

plus  the  expected  marginal  impact  on  expected  collective 


) 


utility  due  to  the  change  in  net  income  in  state  s, 


S 9 s 

equals  the  expected  implicit  marginal  cost  in  state  s of 

the  increased  cash  balance  and  working  capital  requirements 


Corollary  IV-7-2 


If  the  expected  Implicit  marginal  cost  in  state  s of  each 
unit  of  additional  cash  balance  and  working  capital  requirements 


is  strictly  positive,  i.e.  if 


and  if  this  implicit  marginal  cost  in  state  s decreases 
less  rapidly  with  an  increase  in  output  than  the  sum  of  the 
marginal  (expected)  Impacts  on  expected  collective  utility 


of  changes  ib  total  revenue  and  net  income  in  state  s 


then  an  increase  in  the  firm's  marginal  cost  of  financial 
capital  in  state  8,X.  . , or  more  generally,  an  increase 
in  the  expected  implicit  cost  per  unit  of  increased  cash 


s 

balance  and  working  capital  requirements,  [Xc  £ X^  . , 

g ’ 5,t,Sg,_j^6,t,8,S' 

" ^ 4^4.1  o'  €.3*  le*^ds  to  a fall  in  the  firm's  optimal 

level  of  labor  usage,  and  hence  output,  in  state  s.  The 
opposite  is  true  if  the  expected  implicit  marginal  cost 
decreases  more  rapidly,  i.e.  if  the  sign  is  reversed  in 
(95). 

Proof 

Follow  the  steps  in  the  proof  of  corollary  IV-4-2 
using  (94)  and  (95).  Q.E.D. 


Corollary  IV-7-2  for  the  uncertainty  case  is  analogous 
to  corollary  IV-4-2  for  the  certainty  case.  Similarly, 
results  analogous  to  corollaries  IV-4-3,  IV-4-4,  and  IV-4-5 
could  be  proved  for  the  uncertainty  case.  But  since  the 
steps  in  the  proof  under  uncertainty  are  the  same  as  the 
steps  in  the  corresponding  proof  under  certainty,  as  suggested 
by  the  proofs  of  corollaries  IV-4-2  and  IV-7-2,  the  details 
need  not  be  provided  here. 

Turning  to  (62)  and  (63),  the  following  theorem, 
which  is  analogous  to  theorem  IV-5,  is  easily  proved. 

Theorem  IV-8 

Under  uncertainty  the  firm  modeled  in  (59)  will  set  a 
level  of  managerial  emoluments  for  each  time  t and  state 
of  nature  s such  that  the  collective  marginal  rate  of 
substitution  between  managerial  emoluments  and  net  income 
in  8 at  t Just  equals  one  minus  the  tax  rate.  The  firm 
will  also  set  a level  of  Investment  in  s at  t such  that 
the  collective  marginal  rate  of  substitution  between 


physical  capital  and  dividends  in  s at  t Just  equals  the 
price  of  capital  goods  in  s at  t. 


Proof 


It  follows  from  (63)  that 

s 

E ( X . . , +X_  . , ) 

s'»l  4,t,s,s’  6,t,s,s'^ 

and  it  follows  from  (62)  that 


(1-T) 


5 ^t,8  * 

s-V6.t.s.s' 


(96) 


(97) 


Q.E.D. 


Note  that  (96)  and  (97)  are  the  logical  extensions  of 
(84)  and  (85),  respectively,  to  the  uncertainty  case,  where 
it  should  be  repeated  that  the  Lagrange  multiplier  sums, 
such  as  those  in  (96)  and  (97),  represent  measures  of 
value  that  are  associated  with  intertemporal  phenomena 
and  that  are  computed  as  expectations  taken  over  the 
possible  states  s'  in  the  next  period. 

Next  consider  the  firm's  selection  of  the  optimal 
stock  of  capital  for  each  period  t and  state  of  nature 
8i  a'  accordingly,  from  (43),  its  optimal  invest- 
ment  policy  for  each  period  and  state,  _•  As  in  the 
certainty  case,  only  the  case  0 < t < T is  considered 
explicitly  since  the  case  t ■ T proceeds  analogously 
using  (65)  in  place  of  (64). 

It  follows  from  (64)  that  the  optimal  capital 
stock  for  each  date  and  state,  K.  , must  satisfy 

V • B 
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1 * S 3. 


S 
Z 

s ' *1 


ifl^l,t,8,S'  '*’  ^l+6^g,^j^^l,t+l,8'  ,8  ■ ^5,t,8’‘^t,8 


- (1-t)  Z X 
s’-l 


4,t,S,8'^t,8 


■6  + Z X 
s'-l 


6,t,8,8'^*^t, 


s s 

■ ^^5,t,8  "■  g,fi^6,t,8,S’  ■ g,f^^6,t+l,S',8^ 


3C 


. t.8  dt  . av  3f 


•)  “ 0 , 


8 


which  i8  perfectly  analogoue  to  (86)  for  the  certainty  case. 

The  optimal  investment  levels,  , must  satisfy  (62), 

w ^ s 

which  can  be  rewritten  as 


S 
Z X 


,«  A,v,o,a  I ^ 6,t,S,S  t,S 

s *x  s *x 

Substituting  (99)  into  (98)  and  rearranging  terms  yields 


(99) 


du 


1/  1 xt 


31 


^♦t,s  3l"^l+r^  ■*■  ^^"■^^g,fj^^^4,t,s,s''^^6,t,s,s' ^^Pt,s  3K^ 

s s 

‘ ^^5,t,s  g.fi^6,t,s,s'  " g,f^^6,t+l,s',8^ 

.^^t.s  3f  ^^t.s  3f  . 

^•'t.s  ^ 


5,t,s^t,s 


♦ (1-T)(  Z (X 


s'-l 


4,t,s,s'  6,t,s,s* ''^t,s 


.))Q^  o*^ 


S 


“ ^TfI^S.il^l.t  + 1,8',8  * g.fi^6,t,S,8'‘lt,8  ' 

which  is  analogous  to  (88)  for  the  certainty  case.  (100) 
differs  from  (88)  in  that  the  marginal  value  of  an  additional 
unit  of  physical  capital  on  the  left-hand  side  of  (100) 


(98) 


(100) 
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is  probability  weighted  as  well  as  discounted  because  it 

pertains  to  a particular  state  s at  period  t.  Similarly, 

the  marginal  cost  of  capital  on  the  right-hand  side  of 

(100)  is  also  state-specific.  But  the  last  two  terms 

on  the  right-hand  side  of  (100),  which  together  play  the 

role  of  the  term  in  brackets  on  the  right-hand  side  of  (88) 

S 

is  different  in  form  since  I X,  _ appears  in 

g I AftTXjS  ,0 

place  of  X-  ,..1  Obtaining  an  expression  for  the 

impact  of  changing  capital  goods  prices  over  time  is  more 

78 

difficult  under  uncertainty,  because  the  Impact  must 
be  averaged  over  all  possible  states  of  nature  during 
both  time  periods  (the  'present',  or  t,  and  the  'future', 
or  t + 1).  To  allow  for  this,  sum  both  sides  of  (99) 
over  s,  and,  since  (99)  must  hold  for  each  time  t when 
the  firm  is  in  equilibrium,  substitute  t 1 for  t. 

After  relndexlng  this  yields 


S 


S 


(101) 


Summing  each  side  of  (100)  over  the  states  s at  t and 
substituting  using  (101)  gives 


. ))P« 


3f 


S t S 


S S S 

— Z t a ^ ^ t n s'  ” ^ ^6  't+'l  s'  s^  ^ 

5,t,S  s ' "1  S'*l 


. 3V.  . .. 

/ t»i0\  9 T 


s 


8 8 S 8 


(102) 
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Comparing  (102)  with  (88)  leads  to  the  following  theorem. 
Theorem  IV-9 

Under  certainty  (uncertainty)  when  the  firm  modeled  In 
(59)  Is  In  equilibrium  It  will  have  expanded  Investment 
at  each  time  t to  the  point  at  which  the  (expected)  marginal 
value  of  an  additional  unit  of  physical  capital  Just  equals 
the  (expected)  marginal  cost  of  the  required  financial 
capital,  plus  the  (expected)  marginal  cost  of  depreciation 
net  of  tax,  less  the  (expected)  cash  flow  Impact  of  changing 
capital  goods  prices. 

(102)  also  suggests  the  following  Investment  criterion 
for  each  period  t and  state  of  nature  s. 

Corollary  IV--9-1 

A sufficient  condition  for  meeting  the  Investment  criterion 
(102)  for  optimal  Investment  In  capital  at  each  time  t 
In  state  of  nature  s Is  the  following:  the  firm  should 
expand  Investment  at  each  date  t for  each  state  s to  the 
point  at  which  the  marginal  value  of  an  additional  unit 
of  capital  at  t In  s. 


^^1  1 t ® 

t,s  ^ 


s'l 


, )}p, 


3f 


j'‘''4,t,s,s'  ''‘6,t,s,s''^*'t,s  3K^  g 


S S 

■ <^5,t,s  g,5i^6,t,s,s'  " g,ii^6,t+l,s',s^  ** 


^^t  s 

(btB  ^ Wia\  «J 

557^  * 


3V 


t.Sv  3f 


3Q. 


‘t,8  '''•t,S  ‘'“t,8 

Just  equals  the  marginal  cost  of  the  required  financial 
capital,  1.  *Q«.  .•  plus  the  Implied  marginal  cost  (net 

of  tax)  of  depreciation,  (1-t)(X^^^  g g g,  )q^  g*6. 


less  the  expected  Impact  of  changing  capital  goods  prices, 
S S 

form, 


3U 


ly  1 xt 


3f 


t,s  ^ (^-'>g,f^<^4,t,s,s'‘"^6,t,s,s'>^Pt,s  3l^ 

S S 

- ^^5,t,s  g,i^^6,t,s,s’  “ g,f^^6,t+l,s',s^ 

'Qt,s^'Kt.s 

^5,t,s*‘^t,s  * ,S,8’*^6,t,8,8' 

S S 

■ ^g.fi^6,t+l,s’,s‘*t+l,s'  ■ g,fj^6,t,s,s'‘*t,s^  • 
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Proof 

For  given  period  t.  If  (103)  holds  for  each  possible 
state  of  nature  s at  t,  then  (102)  follows  by  summing  each 
side  of  (103)  over  s.  Q.E.D. 


The  significance  of  theorems  IV-7,  IV-8,  and  IV-9 

Is  that  they  demonstrate  that  the  optimality  criteria 

for  the  firm's  operating  policies  under  certainty  can  be 

extended  In  a straightforward  manner  to  each  specified 

state  of  nature  under  uncertainty.  Moreover,  by  dealing 

directly  with  the  probability  distribution  over  the  possible 

states  of  nature,  rather  than  with  the  parameters  of  the 

distribution  as  In  the  mean-variance  approach  to  uncertainty 

that  was  adopted  In  the  previous  chapter,  more  definitive 

results  concerning  output  levels.  Input  levels,  and  Invest- 
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ment  levels  can  be  obtained. 


(103) 
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3.  Optimal  Financial  Policies 

The  previous  subsection  was  concerned  with  the 
policy  implications  of  necessary  conditions  (61)-(65). 
This  subsection  is  concerned  with  the  policy  implications 
of  necessary  conditions  (66)-(73).  Proceeding  as  in 
the  previous  subsection,  first  the  policy  implications 
of  (66)- (73)  under  certainty  are  explored,  and  then  the 
policy  implications  under  uncertainty  are  developed  by 
extension  of  the  certainty  results. 

Beginning  with  the  bond  issue/ redemption  policy, 
the  amount  of  issues/ redemptions  during  each  period  t, 

Y^,  must  satisfy  the  following  necessary  condition: 


which  was  obtained  from  (66).  Similarly,  (67)  implies 


that  under  certainty  the  amount  of  bonds  outstanding  at 
each  date,  must  satisfy  the  following  necessary  condition 


substituting  into  (104),  and  solving 


Solving  (105)  for  X 


(106) 


To  interpret  (106)  note  that  the  first  term  on  the 
right-hand  side  can  be  Interpreted  as  the  Immediate  Impact 
on  net  income,  and  indirectly  on  collective  utility,  of 
a change  in  the  level  of  debt  and  a corresponding  change 
in  the  rate  of  new  Issues/redemptions,  where  the  two  effects 
are  related  through  (50)  and  are  transmitted  through  the 
induced  changes  in  the  interest  rate  given  by  (21).  Moreover 


it  follows  from  leimia  IV-3  and  the  assumptions  that  di/dB  > 0 

and  01/ 3Y  > 0 that  the  first  term  on  the  right-hand  side 

of  (106)  is  strictly  positive  at  optimality.  The  second 

term  on  the  right-hand  side  of  (106)  can  be  interpreted 

as  the  direct  cash  flow  impact  in  the  current  period  of 

an  additional  dollar  of  new  debt.  The  third  term  on  the 

right-hand  side  of  (106)  can  be  interpreted  as  the  value 

of  an  additional  dollar  of  debt  in  terms  of  reduced  future 

needs,  as  can  be  seen  from  (50).  As  such,  one  would  normally 

expect  this  term  to  be  nonnegative.  Collectively,  the 

three  terms  on  the  right-hand  side  of  (106),  and  hence 

A-  . ^ itself,  can  be  interpreted  as  the  equilibrium 

marginal  cost  of  debt  capital  at  time  t,  where  this  marginal 

cost  is  adjusted  for  the  direct  impact  of  a change  in 

issues/ redemptions  on  current  period  cash  flow  and  is 

also  adjusted  for  the  impact  of  increasing  the  current 
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stock  of  debt  on  future  debt  requirements. 

Turning  to  the  firm's  share  issue/ redemption  policy, 
the  number  of  shares  outstanding  during  each  period  t, 
n^,  must  be  such  that  the  following  necessary  condition 
is  satisfied: 


^3,t  ■ ^3,t+l  " ‘*t^^4,t  ^6,t^ 


(107) 


which  was  obtained  from  (69).  The  issues/ redemptions 
at  each  date,  Z^,  must  be  such  that  the  following  necessary 
condition  is  satisfied: 

■ ^3,t  ^t^^4,t  ^6,t^  “ ° 


which  was  obtained  from  (68).  In  addition,  total  stockholders' 
equity  at  each  time  t,  E^,  must  be  such  that  the  following 
necessary  condition  is  satisfied: 
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(109) 


■^4,t  * ^4,t+l  * ^5,t  “ ° ' 
which  was  obtained  from  (70).  Solving  (108)  for  X_ 

^ f 

substituting  into  (107),  and  rearranging  terms  gives 

* 'n  - * *6,t>  * “ • 

Solving  (109)  and  (110)  for  equating  the  resulting 

expressions,  and  solving  for  Ag  ^ yields 

\ B ^ _ X - A (111) 

t t 

To  interpret  (111)  note  that  the  first  term  on  the 
right-hand  side  can  be  interpreted  as  the  value  of  an 
additional  dollar's  worth  of  newly  issued  shares.  To  see 
this  recall  that  each  new  share  is  issued  at  the  beginning 
of  the  period,  so  that  net  receipts  for  the  period  are  equa.1 
to  the  share  price  less  the  dividend,  v^  - d^.  Also, 
since  Ag  applies  to  the  new  issues/redemptions  constraint 
in  (59),  the  effect  of  dividing  Ag  by  v^  - d^  is  to 
convert  the  value  measure  in  terms  of  shares  into  one  in 
tenns  of  a dollar's  worth  of  newly  Issued  shares.  The 
second  and  third  terms  on  the  right-hand  side  of  (111) 
represent  adjustments  for  the  current  cash  flow  impact 
of  a change  in  share  issues/ redemptions  and  the  impact 
of  increasing  the  current  amount  of  total  stockholders' 
equity  on  future  equity  requirements.  Collectively,  the 
three  terms  on  the  right-hand  side  of  (111)  can  be  interpreted 
as  the  equilibrium  marginal  cost  of  external  equity  capital 
adjusted  for  the  current  cash  flow  and  future  equity 
requirements  impacts. 

The  equilibrium  conditions  (106)  and  (111)  lead 
to  the  following  theorem. 
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Theorem  IV-10 


In  equilibrium  under  certainty  the  firm  modeled 


in  (59)  will  have  adjusted  its  capital  structure  so  that 


the  marginal  cost  of  debt  capital  equals  the  marginal 


cost  of  external  equity  capital 


Equate  (106)  and  (111) 


The  importance  of  theorem  IV-10  is  that  ^ can 

5,  t 

be  interpreted  as  the  firm's  marginal  cost  of  financial 


capital  (from  either  external  source).  (106)  also  leads 


to  the  following  corollary 


Corollary  IV-10-1 


Under  certainty,  an  increase  in  the  tax  rate  t 


leads  to  a reduction  in  the  firm’s  cost  of  debt  capital 


Proof 


It  follows  from  (106)  and  lemma  IV-3  that 


The  significance  of  corollary  IV-10-1  is  that  the  marginal 


cost  of  debt  capital  falls,  while  according  to  (111) 


the  marginal  cost  of  equity  capital  is  unaffected.  This 


would,  of  course,  induce  the  firm  to  increase  its  leverage 


i.e.  to  substitute  debt  for  equity  in  its  optimal  capital 


structure 


A more  important  result  arising  out  of  (106)  and 


(111)  is  the  following  theorem,  which  states  that,  in 


general,  the  firm's  choice  of  capital  structure  is  not 


Irrelevant  to  its  investment  decision 


Theorem  IV-11 


Under  certainty,  the  choice  of  capital  structure 

for  the  firm  modeled  in  (59)  is  not,  in  general.  Irrelevant 

to  its  Investment  decision,  and  therefore,  the  separability 
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theorems  do  not,  in  general,  apply. 

Proof 

Consider  (106)  and  (111).  If  the  firm’s  choice 
of  capital  structure  were  irrelevant,  then  a marginal 
Increase  in  the  stock  of  equity  would  have  to  have  the 
same  value  as  a marginal  increase  in  the  stock  of  debt , 
i.e.  ^2  t ^ ^4  t (106)  (111).  In  that  case  the 

two  expressions  for  Xg  ^ are  equal  only  if 


(1-T)(X  +X^  ...  + Hi  B . lit  B . "3,t-H  ..,2^ 

6,t)(lt  ^ is:  ®t  ^ IyT  ®t^  v/-  d,  • 


31 


3i. 


't  ' t 

But  it  follows  from  (110)  that 

X, 


'3.t-H 
^t  - ‘^t 


^4,t  ^6,t 


(113) 


Substituting  (113)  into  (112)  and  simplifying  yields 

^^t  ^^t 

" 3B;«t  ^ 3Y;«t)  “ 1 • 


(114) 


But  the  left-hand  side  of  (114)  is  a monotonically  Increasing 
function  of  so  that  (114)  is  satisfied  (if  at  all) 

by  a unique  value  of  B^ , and  given  the  sum  B^  -*■  , by 

a unique  value  of  the  leverage  ratio,  B^/E^.  Hence,  the 
firm's  cost  of  financial  capital  is  not,  in  general.  Independent 
of  the  firm's  choice  of  capital  structure.  Q.E.D. 

The  significance  of  theorem  IV-11  is  that  the 
firm's  choice  of  capital  structure,  at  least  in  the  certainty 
case,  will  affect  its  cost  of  financial  capital,  and  by 


(88)  and  (89),  its  Investment  decision.  Hence,  its  choice 
of  leverage  is  not,  in  general,  separable  from  its  invest- 
ment dcfCision. 

Turning  to  the  firm's  dividend  policy  under  certainty, 
necessary  condition  (71)  leads  to  the  following  condition 
that  must  be  satisfied  under  certainty: 


3U,  dv 


dv. 


t 1 t 


4,t'^^6,t^ 


“t^^4,t‘^^6,t^‘ 


(115) 


The  first  term  on  the  left-hand  side  of  (115)  can  be  interpreted 
as  the  direct  Impact  on  discounted  collective  utility  of 
a change  in  the  dividend  per  share.  The  second  term  on 
the  left-hand  side  can  be  Interpreted  as  the  indirect 
impact  on  discounted  collective  utility  of  a change  in 
the  dividend  per  share  that  results  from  the  fact  that  a 
change  in  the  dividend  induces  a change  in  the  share 
price,  which  alters  the  number  of  shares,  Z^,  that  need 
to  be  Issued  (or  redeemed)  to  meet  any  particular  total 
equity  requirement.  The  term  on  the  right  in  (115)  can 
be  Interpreted  as  the  Impact  on  discounted  collective 
utility  of  a change  in  the  dividend  that,  given  the  number 
of  shares  outstanding,  n^,  increases  the  total  required 
dividend  payout,  thereby  reducing  retained  earnings  (and 
total  equity)  and  the  firm's  stock  of  cash.  This  interpretation 
of  (115)  leads  to  the  following  theorem. 

Theorem  IV-12 

Under  certainty  the  firm  modeled  in  (59)  will  set 
its  dividend  policy,  d^,  per  share,  such  that  the  direct 
impact  on  discounted  collective  utility  due  to  a marginal 
increase  in  d^  plus  the  Indirect  impact  resulting  from 
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I 


1 

I' 


I 


I 


1 


( 


the  Increased  contributed  capital  and  cash  that  can  be 
raised  through  any  predetermined  level  of  new  issues 
Just  equals  the  cash  flow  and  retained  earnings  impact 
of  the  marginal  increase  in  d^. 

(115)  also  Implies  the  following  Interesting  result. 
Corollary  IV-12-1 

Under  certainty  the  firm  modeled  in  (59)  will 

set  its  dividend  policy  for  each  time  t so  that  the  marginal 

rate  of  substitution  between  the  share  value  v^  and 

C3U,/3v  ]/(l+r)t 

retained  earnings  at  t,  — , Just  equals 

4 , t 6,  t 

the  net  share  equivalent,  p»n^-Z^,  of  the  dividend/share 
issue/redemptions  policies. 

Proof 

dt 

It  follows  from  (35)  that  under  certainty  ~ ’ 

so  that 


(116) 


Substituting  (116)  into  (115)  and  rearranging  terms  gives 


C3Uj/3v^]/(l+r)^ 

V/V+XT" P’" 

4,t  6,t 


t - ^ ' 


(117) 


which  was  to  be  proved.  Q.E.D. 

Remark 

tVote  that  in  (117)  the  left-hand  side  represents  a marginal 
rate  of  substitution  - that  between  the  share  value  v^ 
and  the  total  equity  and  cash  flow  Impacts  of  a change  in 
retained  earnings  due  to  a chlinge  in  dividend  policy. 

The  right-hand  side  of  (117)  contains  the  stock  market 
parameter  p and  the  policy  variables  n^  and  Z^.  But 
v^  ■ , so  that  P*v^  ■ d^,  and  n^*P*v^  ■ ’d^  = D^, 

and  hence,  p*n^  ■ D^/v^,  where  represents  total  dividends 
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paid.  Therefore,  P*n^  can  be  Interpreted  as  the  share 
equivalent  of  the  total  dividend  payout,  whereupon  p*n^-Z^ 
can  be  given  the  interpretation  stated  in  corollary  IV-12-1. 
The  point  is  that  n^  and  are  related  by  (51)  by  definition, 
and  in  addition,  are  related  by  (117)  due  to  the  preferences 
of  the  firm  on  the  one  hand  and  the  stock  market  on  the 
other. 

Corollary  IV-12-2 

The  net  share  equivalent,  P*n.(.  - Z^,  of  the  firm's 
dividend/share  issues/rederoptions  policies  is  strictly 
positive  for  each  period  t when  the  firm  modeled  in  (59) 
is  in  equilibrium. 

Proof 

By  assumption,  3U^/3v^  > 0 for  all  values  of  v^. 

By  lemma  IV-3,  ^4  ^ ^ > 0 optimality.  Therefore, 

the  left-hand  side  of  (117)  is  strictly  positive  at  optimality. 
Therefore,  P*n^  - Z^  > 0 when  the  firm  is  in  equilibrium. 

Q.E.D. 

The  significance  of  corollary  IV-12-2  lies  in 

the  fact  that,  if  new  share  Issues  are  viewed  as  negative 
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dividends,  then  the  corollary  states  that  the  net  flow 
of  dividends  must  always  be  strictly  positive.  That  is, 
the  firm  modeled  in  (59)  will  never  find  itself  with  such 
large  financing  needs  that  the  flow  of  new  equity  into 
the  firm  exceeds  (or  is  even  equal  to)  the  flow  of  dividend 
payments.  The  reason  for  this  result  is  that  the  firm 
adjusts  its  equity  issues/ redemptions  each  period  in  line 
with  present,  as  well  as  future,  requirements.  In  terms 
of  (111),  future  equity  needs  affect  X4  ceteris 


paribus,  an  Increase  In  future  equity  requirements  would 
be  expected  to  increase  reduce  thereby  the 

effective  marginal  cost  of  external  equity  for  the  current 
period.  As  a result,  new  share  issues  would  be  expected 
to  increase  (or  redemptions  to  decrease)  during  the 
current  period.  Thus,  the  fact  that  future  equity  require- 
ments are  implicitly  taken  into  account  in  (59)  means 
that  the  stream  of  issues/redemptions  over  time  undergoes 
a sort  of  smoothing  due  to  the  implicit  consideration 
of  intertemporal  financial  needs. 

Turning  next  to  the  explicit  consideration  of 
the  firm's  financial  policy  choices  under  uncertainty, 
consider  (72)  and  (73),  which  govern  the  firm's  choice 
of  precautionary  cash  balances.  At  each  time  t for  each 
state  of  nature  s the  optimal  level  of  precautionary 

A 

cash  balances,  C.  _,  must  be  chosen  so  that  (72)  and 
X I s 

(73)  are  satisfied.  This  leads  to  the  following  two  cases: 

case  (i):  A-  . > 0.  (zero  precautionary  cash  balances) 

# , X • s 


It  follows  from  (73)  that  C.  _ ■ 0,  so  that  the 

X 9 s 

optimal  level  of  precautionary  cash  balances  is  zero. 

It  follows  from  (72)  that 


S S 

g,^j^6,t+l,s',s  " g,ij^6,t,s,s'  ^ ^5,t,s  • 


(118) 


The  left-hand  side  of  (118)  can  be  Interpreted  as  the  net 

marginal  value  of  an  additional  dollar  of  precautionary 

cash  balances  at  t in  s,  which  is  expressed  as  the  difference 

between  the  expected  value  of  additional  precautionary 

cash  balances  at  t in  s contingent  upon  s'  at  t 1 on 

the  one  hand  and  the  expected  value  of  additional  precautionary 
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cash  balances  at  t in  s contingent  upon  s'  at  t - 1 on 

the  other.  The  right-hand  side  of  (118)  Is  the  familiar 

marginal  cost  of  financial  capital.  According  to  (118), 

optimal  precautionary  cash  balances  are  zero  (at  t in  s) 

when  the  opportunity  cost  of  precautionary  cash  balances, 

^ o>  exceeds  their  marginal  value  (at  t In  s). 

O , X , s 

A 

case  (11):  C.  > 0.  (positive  precautionary  cash  balances) 

It  follows  from  (73)  that  * 0 and  from 

(72)  that  equality  must  hold  In  (118).  In  this  case 
the  marginal  value  of  precautionary  cash  balances  at  t 
In  s Just  equals  the  marginal  cost  of  financial  capital 
(i.e.  the  opportunity  cost  of  precautionary  cash  balances) 
at  t In  s. 

The  above  cases  are  summarized  in  the  following 

theorem. 

Theorem  IV-13 

For  any  period  t and  state  of  nature  s,  the 

equilibrium  net  marginal  value  of  an  additional  dollar 

S S 

of  precautionary  cash  balances,  Z ^ A^  ^ 

will  never  exceed  the  firm's  equilibrium  marginal  cost 
of  financial  capital,  A.  If  the  equilibrium  net 

P I X , 8 

marginal  value  of  precautionary  cash  balances  is  strictly 
less  than  the  equilibrium  marginal  cost  of  financial 
capital,  then  the  optimal  level  of  precautionary  cash 
balances  Is  zero.  If  the  optimal  level  of  precautionary 
cash  balances  is  strictly  positive  at  optimality,  then 
the  equilibrium  net  marginal  value  of  precautionary  cash 
balances  Just  equals  the  firm's  equilibrium  marginal 
cost  of  financial  capital. 
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Proof 


The  first  statement  follows  directly  from  (72) 

S 

and  (73)  since  > 0 and  thus  £ X-  , 

g ~ s'*l  »“ 


* 2]  X^  . awcbbvftu^uv  wuwa 

g ( o,t,s,s  o,t,s 

case  (i)  and  the  third  statement  characterizes  case  (ii). 


The  second  statement  characterizes 


Q.E.D. 


Theorem  IV-13  leads  to  the  following  corollaries. 
Corollary  IV- 13-1 

The  implicit  marginal  cost  of  an  increase  in  cash 

balance  and  working  capital  requirements  associated  with 

an  increase  in  output,  ^5  ^ ^6  t ~ ^6  t+1  '*°‘*®*‘  certainty 

S ’ s’  ' 

^ t e B*  " ^ t+i  s'  s under  uncertainty, 

is  nonnegative.  Under  uncertainty,  during  any  period  t 
and  state  of  nature  s in  which  the  equilibrium  net  marginal 
value  of  precautionary  cash  balances  is  strictly  less  than 
the  firm's  equilibrium  marginal  cost  of  financial  capital, 
then  the  optimal  level  of  precautionary  cash  balances  is 
zero  and  the  implicit  marginal  cost  of  increased  cash 
balance  and  working  capital  requirements  is  strictly  positive. 


Proof 


The  first  statement  follows  from  (72)  and  (73) 


since  under  certainty  X,^  ^ ^ 0 and  Xg  ^ + Xg^^  - 1 0. 

while  under  uncertainty  ^ > 0 and  ^ ,s,s' 

£ X.,  . >0.  The  second  statement  follows  from 

s'-l  ,s  - 

theorem  IV-13  and  the  fact  that 
S 8 

g,il^6,t+l,s' ,s  ■ g,ii^6,t,s,s'  ^5,t,s^"^  ^5,t,s 


5,t  ,s 


S S 

2 Xfl  A _ _ I ” ^ X. 


* ” .1,1^6, t-H, s' ,s 


> 0 . 


Q.E.D. 
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Corollary  IV-13-2 

Under  uncertainty  during  time  periods  t and  states 
of  nature  s when  the  equilibrium  net  marginal  value  of 
precautionary  cash  balances  Is  strictly  less  than  the  firm's 
equlllbrliim  marginal  cost  of  financial  capital,  and  as  a 
result,  the  optimal  level  of  precautionary  cash  balances 
Is  zero,  the  firm's  output  decision  Is  constrained  by  the 
Impact  a change  In  the  level  of  output  would  have  on  the 
firm's  cash  balance  and  working  capital  requirements. 

Proof 

It  follows  from  the  stated  assumptions  that  the 
expression  on  the  left-hand  side  of  (94)  Is  strictly  positive 
at  optimality.  In  the  absence  of  cash  balance  or  working 
capital  requirements  (or  If  their  cost  were  zero),  then 
this  expression  would  be  zero.  The  conclusion  then  follows 
by  the  assumed  strict  concavity  of  and  f.  Q.E.D. 

Corollary  IV-13-3 

Under  uncertainty  the  cash  balance  and  working 
capital  requirements  associated  with  an  Increase  In  output 
tend  to  restrict  the  firm's  output  decision. 

Proof 

Since  ^ > 0,  It  follows  that  ^5  t ^6  t ^6  t+1  - ® 
Hence,  the  left-hand  side  of  (79)  is  nonnegative  at  optimality. 
The  conclusion  when  follows  by  the  assumed  strict  concavity 
of  Uj^  and  f.  Q.E.D. 

Reconsidering  the  bond  Issue/redemption  policy, 
this  time  under  uncertainty,  the  amount  of  new  issues 
at  t in  s,  _,  must  satisfy  (66),  and  the  amount  of 
debt  outstanding  at  t in  s,  must  satisfy  (67). 
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Solving  (66)  for  ^ «■  o «•*  substituting  into  (67), 

s'-l 

and  solving  tbs  resulting  expression  for  _ yields 


^5,t,s  " ,^/^4,t,s,s''^^6,t,s,s’ ^^^t.s'*' 

8 * i 


!^b 

’Bt.s 


3i 


3Y 


llS 


B 


,)  - 


S 
I X, 


t,S  8.:i  e.t.s.s* 


s 

g,il^2,t+l,s' ,s 


(119) 


which  is  analogous  to  (106).  (119)  expresses  the  marginal 

cost  of  debt  capital  at  time  t in  state  of  nature  s,  and 

because  it  applies  under  uncertainty,  the  intertemporal 

net  income-related  total  equity  and  cash  flow  Impacts, 

S 

as  measured  by  1 (l^i  * « * e c,i)t  intertemporal 

0|VyS^S  g 

direct  cash  flow  impact,  as  measured  by  ^ Ic  «■  o 

g I O , I , B , B 

and  the  Intertemporal  impact  on  future  debt  requirements, 

S 

as  measured  by  Z X_  . . , , each  must  be  computed 
as  an  expected  value  in  order  to  take  into  account  the 
S possible  transitions  from  some  state  s'  at  t - 1 to 
state  s at  t,  in  the  case  of  the  net  income-related  total 
equity  and  cash  flow  Impacts  and  the  direct  cash  flow 
impact,  and  the  S possible  transitions  from  state  s at 
t to  some  state  s'  at  t 1,  in  the  case  of  the  impact 
on  future  debt  requirements.  The  exact  Interpretation 
of  (119),  as  it  relates  to  the  Interpretation  of  (106), 
is  given  below  in  theorem  IV-14. 

Next,  reconsidering  the  share  issue/redemption 
policy,  the  number  of  shares  issued  at  each  time  t in 
each  state  of  nature  s,  , must  satisfy  (68);  the  number 

V I 9 

of  shares  outstanding  at  each  date  and  state,  n^  g,  must 

satisfy  (69);  and  total  equity  for  each  date  and  state, 

S 

E«.  must  satisfy  (70).  Solving  (68)  for  E X-  . » a** 

V I • g I J , V , 9 I O 
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substituting  into  (69),  and  rearranging  terms  gives 


s s 

^,^1^3,t+l,s' ,s  ^''t  “ ‘*t,s^  g,^j^^^4,t,s,s'''’^6,t,s,s' ^ 


Solving  (70)  and  (120)  for  ^ • equating  the 

3 * al  , t , S , S 

resulting  expressions,  and  solving  for  Xe  ^ - gives 

s s s 

^5,t,s  * v^-d^  g g,^^^3,t+l.s-,s  ■ g,^i^6.t.s.s'  ■ g,^^^4.t+l,s'.s 


(121) 


which  is  analogous  to  (111).  The  exact  Interpretation 


of  (121),  as  it  relates  to  the  interpretation  of  (111), 
is  given  in  the  next  theorem. 

Theorem  IV-14 

Under  certainty  (uncertainty)  the  marginal  cost 
o'f  debt  capital  at  each  time  t (at  each  time  t in  state 
of  nature  s)  for  the  firm  modeled  in  (59)  is  equal  to 
the  (expected)  implicit  cost  of  the  change  in  net  income 
resulting  from  a change  in  the  amount  of  debt  and  rate 
of  new  Issues/redemptions,  less  the  (expected)  implicit 
value  of  the  direct  cash  flow  impact  of  the  new  issues/ 
redemptions,  and  also  less  the  (expected)  implicit  value 
of  the  impact  of  Increased  debt  in  the  current  period 
on  future  debt  requirements.  Under  certainty  (uncertainty) 
the  marginal  cost  of  external  equity  capital  at  each  time 
t (at  each  time  t in  state  of  nature  s)  for  the  firm  modeled 
in  (59)  is  equal  to  the  (expected)  implicit  value  of 
an  additional  dollar's  worth  of  newly  issued  shares,  less 
the  (expected)  implicit  value  of  the  direct  cash  flow 
impact  of  the  new  share  issues /redemptions,  and  also 


j less  the  (expected)  implicit  value  of  the  impact  of  increased 


total  equity  in  the  current  period  on  future  equity 
requirements.  In  equilibrium  under  certainty  (uncertainty) 
the  firm  modeled  in  (59)  will  have  adjusted  its  capital 
structure  for  each  period  t (for  each  period  t and  state 
of  nature  s)  so  that  the  marginal  cost  of  debt  equals 
the  marginal  cost  of  external  equity. 

Proof 

The  first  statement  follows  from  (106)  and  (119). 
The  second  statement  follows  from  (111)  and  (121).  The 
third  statement  repeats  theorem  IV-10  for  the  certainty 
case  and  follows  for  the  uncertainty  case  by  equating  (119) 
and  (121).  / Q.E.D 

Similarly,  corollary  IV-14-1  is  perfectly  analogous  to 
corollary  IV-10-1. 

Corollary  lV-14-1 

Under  certainty  (uncertainty)  an  increase  in  the 
tax  rate  t leads  to  a reduction  in  the  firm's  cost  of 
debt  capital. 

Proof 

The  result  for  the  certainty  case  was  proved  as 
corollary  IV-10-1.  The  result  for  the  uncertainty  case 
is  proved  In  the  same  manner,  but  proceeding  frcxn  (119) 
and  using  lemma  IV-4.  Q.E.O 

A more  important  result  arising  out  of  (119)  and 
(121)  is  the  following  theorem,  which  extends  theorem 
IV-11  and  which  states  that,  in  general,  the  choice  of 
capital  structure  for  the  firm  modeled  in  (59)  is  not 
irrelevant  to  its  investment  decision. 
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Theorem  IV~15 


, V ' * 


Under  certainty  (uncertainty),  the  choice  of  capital 
structure  for  the  firm  modeled  in  (59)  is  not,  in  general, 
irrelevant  to  its  investment  decision,  and  therefore,  the 
separability  theorems  do  not,  in  general,  apply. 

Proof 


The  result  for  the  certainty  case  was  proved  as 
theorem  IV-11.  The  proof  for  the  uncertainty  case  proceeds 
analogously.  Consider  (119)  and  (121).  If  the  firm's 
choice  of  capital  structure  were  irrelevant,  then 

s s 

" “ , and  the  two  expressions 

,^/2,t+l,s' ,s  ■ ,^/4,t+l,s' ,s 

S A S 

(119)  and  (121)  yield  the  same  value  for  ^5^3  only  if 


(1-T)  (^4  t,s,s'‘^^6,t,s,s' ^^^t,s'  3B.  ^ "t,s 

S V , S 


3i 


S 


(122) 


^^tts  '^t“‘*t,s  s'»l  . 


But  solving  (120)  for  - — i substituting 

'^t"S,s  s'=l  ,s 

into  (122)  yields 


^^t  s 


®t.s) 


(123) 


which  implies  that  (114)  must  hold  for  each  date  and  state. 
As  argued  in  the  proof  of  theorem  IV-11,  (114),  and  hence 
(123),  Implies  a unique  leverage  ratio.  Hence,  it  is  also 
true  under  uncertainty  that  the  firm's  cost  of  financial 
capital  is  not,  in  general,  independent  of  its  choice  of 
capital  structure.  Q.E.D. 


The  significance  of  theorem  IV-15  is  that  the  firm's 
investment  decision  and  its  choice  of  capital  structure 


! 

I 


I 


I 


794 


are  not,  in  general,  separable.  That  is,  given  the  level 
of  Investment,  it  is  not  true,  in  general,  that  the  cost 
of  capital  for  the  firm  modeled  in  (59)  is  independent 
of  its  choice  of  capital  structure.  It  follows  then,  that 
investment  and  financing  decisions  are,  in  general,  related 
inextricably  and  must  therefore  be  made  concurrently. 

The  last  type  of  financial  policy  to  be  explored 
under  uncertainty  in  this  subsection  is  the  firm's  dividend 
policy.  Necessary  condition  (71)  must  be  satisfied  at 
optimality.  (71)  can  be  rewritten  as®^ 


3v, 


S 

Z (f>. 


3U 


3v^ 


■^^6,t,s,s'  ^ 


3d 


S 

Z 


S 

Z Z 


t,S  S“1  s'“l 


t,s^^4,t,s,s' 


S 


(124) 


which  is  analogous  to  (115).  The  analogy  between  (124) 
and  (115)  leads  to  the  following  theorem. 

Theoret?  IV- 16 

Under  uncertainty  the  firm  modeled  in  (59)  will 

set  its  dividend  policy,  d.  _ per  share  at  time  t in  state 

of  nature  s,  such  that  the  expected  direct  impact  on  discounted 

expected  collective  utility  for  period  t due  to  a marginal 

3v.  S ^^1  1 t 

increase  in  d^  g,  g j-—  ^ s F^^T+r^  ' expected 

' t , s s*l  t 

indirect  impact  resulting  from  the  Increased  contributed 
capital  and  cash  that  can  be  raised  through  any  predetermined 


3v, 


level  of  new  issues,  jg- 


S 

Z 


S 

I Z, 


1+^ 


6,t,s,s 


‘t,8  s-1  s.:i  t.s-4,t,s,s 
Just  equals  the  cash  flow  and  retained  earnings  Impact 

S 

of  the  marginal  increase  in  d^  g,  n^  g / (^4,t,s,s’''^6,t,s,s'> 

8 * X 

The  significance  of  theorem  IV-16  is  that  it  extends 
theorem  IV-12  for  the  certainty  case  to  the  uncertainty 
case.  As  in  the  certainty  case,  the  firm  modeled  in  (59) 
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must  balance  the  direct  effect  on  collective  utility  and 
the  indirect  effect  on  contributed  capital  and  cash  flow 
associated  with  new  issues/redemptions  against  the  effect 
on  cash  flow  and  retained  earnings  associated  with  the 
total  dividend  payout  when  it  sets  its  dividend  policy. 

In  both  cases  the  potential  cash  flow  impact  of  a change 
in  the  firm's  dividend  policy  weighs  heavily  in  the  selection 
of  the  optimal  dividend  policy.  Theorem  IV-16  is  also 
significant  because  it  demonstrates,  along  with  theorems 
IV-14  and  IV-15,  the  straightforward  extension  of  financial 
policy  results  obtained  under  the  assumption  of  certainty 
to  the  case  of  uncertainty. 

4 . Summary 

In  this  section  an  integrated  production-finance 
model  of  the  firm  was  formulated  and  the  model's  implications 
for  the  optimal  operating  policies  and  the  optimal  financial 
policies  of  the  firm  were  derived.  The  model  was  developed 
by  incorporating  financial  factors,  and  specifically, 
those  factors  relevant  to  the  firm's  cash  management 
policy,  leverage  policy,  and  dividend  policy,  all  of  which 
were  discussed  earlier  in  this  chapter,  into  the  model 
of  the  discounted  (expected)  collective  utility  maximizing 
firm  discussed  in  chapter  three  of  this  thesis. 

The  model  developed  in  this  section  lends  itself 
to  either  of  two  interpretations  depending  on  the  wider 
economic  milieu  within  which  the  firm  is  assumed  to  operate. 
At  one  extreme,  if  the  alternative  output  levels  ^ 
are  interpreted  as  contingent  output  claims,  and  if  the 
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set  of  markets  for  such  claims  Is  assumed  to  be  complete, 

then  with  regard  to  its  output  decision  the  firm  behaves 

86 

as  if  it  were  functioning  within  an  Arrow-Debreu  world, 

and  the  plan  characterized  by  (61)-(73)  will,  when  all 

such  markets  are  in  equilibrixun,  constitute  a multiperiod 

equilibrium  for  the  firm  such  that  its  production  plans 

are  consistent  with  those  of  all  other  transactors  in 

the  firm's  product  market.  In  such  a world  the  trading 

in  contingent  output  claims  gives  the  firm  perfect  insurance 

coverage  in  the  sense  that  there  is  no  economic  incentive 

for  the  firm  to  alter  its  production  plans  prior  to  the 

planning  horizon  - although  depending  on  the  assumed 

state  of  input  markets  and  financial  markets,  its  choice 

of  production  techniques  and  its  financial  policy  decisions 

may  require  alteration. 

At  the  opposite  extreme  is  the  interpretation 

suggested  at  the  beginning  of  this  section.  If  markets 

for  contingent  output  claims  are  nonexistent,  then  the 

plan  constitutes  a temporary  equilibrium  in  the  sense 

that  the  firm's  production  plan  may  not  be  consistent  with 

the  future  period  plans  of  the  other  transactors  in  the 

87 

firm's  product  market.  In  such  a world  the  firm  may 
have  to  revise  its  production  plans  each  period  as  the 
product  maik(>t  (and  the  economy)  shifts  to  a new  temporary 
equilibrium.  According  to  this  interpretation  of  the 
model  developed  in  this  section,  the  firm's  plan,  as 
characterized  by  (61)-(73),  is  of  a contingency  nature 
only.  The  difference  between  this  interpretation  and 
the  previous  one  lies  in  the  different  assumptions  made 
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concerning  the  character  of  the  product  markets  in  the 
wider  institutional  environment. 


The  main  results  obtained  in  this  section  include 
the  following.  The  firm  modeled  in  (59)  tends  to  produce 
more  output  in  each  period  (theorem  IV-4)  and  in  each 
state  of  nature  (theorem  IV-7)  than  a short  run  profit 
maximizer.  The  firm  modeled  in  (59)  pays  managerial 
emoluments  at  a level  that  equates  its  marginal  rate  of 
substitution  between  managerial  emoluments  and  dividends 
to  one  minus  the  tax  rate  (theorem  IV-5  for  the  certainty 
case  and  theorem  IV-8  for  the  uncertainty  case).  Cash 
balance  and.  working  capital  requirements  do  not  affect 
the  expansion  path  of  the  firm  modeled  in  (59)  (theorem 
IV-6),  although  they  do  affect  the  firm's  output  decision 
(theorem  IV-4,  theorem  IV-7,  and  corollary  IV-13-2). 

It  was  found  that  at  optimality,  the  marginal  cost  of  ) 

debt  capital  for  the  firm  modeled  in  (59)  equals  its 

marginal  cost  of  equity  capital  (theorem  IV-10  for  the 

certainty  case  and  theorem  IV-14  for  the  uncertainty 

case);  that  the  firm's  decision  regarding  precautionary 

cash  balances  depends  on  whether  or  not  the  marginal 

value  of  such  balances  is  as  great  as  their  marginal  cost 

(theorem  IV-13);  and  that  the  firm's  choice  of  capital 

structure  is  not,  in  general,  irrelevant  to  its  cost  of 

capital  (theorem  IV-11  for  the  certainty  case  and  theorem 


optimality 


IV-15  for  the  uncertainty  case).  In  addition 


rules  were  derived  for  the  firm's  Investment  decision 


(theorem  IV-9)  and  for  the  firm's  dividend  policy  (theorem 
IV-12  for  the  certainty  case  and  theorem  IV-16  for  the 


uncertainty  case). 

It  deserves  to  be  emphasized  that  several  of  the 
results  obtained  in  this  section  demonstrate  the  relation- 
ship that  exists  between  the  firm's  operating  policy  decisions 
and  its  financial  policy  decisions.  In  general,  the  firm's 
output  decision  is  not  independent  of  the  firm's  cash 
management  policy  (theorems  IV-4  and  IV-7  and  corollary 
IV-13-2),  and,  also  in  general,  the  firm's  cost  of  capital, 
and  hence  its  Investment  decision,  is  not  independent 
of  its  leverage  policy  (theorems  IV-11  and  IV-15). 

F.  CHAPTER  SUIUIARY 

This  chapter  has  extended  the  model  of  the  firm  developed 
in  the  previous  chapter  to  incorporate  those  decision 
variables  and  constraints  relevant  to  the  firm's  financial 
policy  decisions.  Three  classes  of  financial  policies 
were  distinguished:  cash  management  policy,  leverage 
policy,  and  dividend  policy.  An  integrated  production- 
finance  model  of  the  firm  was  formulated  and  the  model's 
implications  for  the  optimal  operating  policies  and  the 
optimal  financial  policies  of  the  firm  were  derived. 

In  addition,  the  relationship  between  these  two  sets  of 
policy  decisions  was  explored. 

The  main  results  obtained  in  this  chapter  include 
the  following.  The  collective  utility  maximizer  tends 
to  maintain  greater  transactions  cash  balances  than  a 
short  run  profit  maximizer  (theorem  IV-1)  and,  as  in 
the  case  of  the  neoclassical  firm,  its  demand  for 
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transactions  cash  balances  is  inversely  related  to  the 
interest  rate  (theorem  IV-2).  It  was  also  found  that 
an  increase  in  the  tax  rate  t will  tend  to  cause  the 
(expected)  collective  utility  maximizer  to  substitute 
debt  for  equity  in  its  capital  structure  (theorem  IV-3 
and  corollaries  IV-10-1  and  IV-14-1). 

It  was  also  found  that  the  discounted  expected  collective 
utility  maximizing  firm  modeled  in  section  E tends  to  produce 
more  output  in  each  period  (theorem  IV-4)  and  in  each 
state  of  nature  (theorem  IV-7)  than  a short  run  profit 
maximizer.  It  was  found  that  cash  balance  and  working 
capital  requirements  do  not  affect  the  expansion  path 
of  the  firm  (theorem  IV-6),  although  they  do  affect  its 
output  decision  (theorem  IV-4,  theorem  IV-7,  and  corollary 
IV-13-2).  At  optimality  the  firm's  marginal  cost  of  debt 
capital  equals  its  marginal  cost  of  equity  capital  (theorem 
IV-10  for  the  certainty  case  and  theorem  IV-14  for  the 
uncertainty  case);  that  the  firm's  decision  as  to  whether 
to  maintain  precautionary  cash  balances  depends  on  whether 
the  marginal  value  of  such  balances  is  as  great  as  their 
marginal  cost  (theorem  IV-13);  and  that  the  firm's  choice 
of  capital  structure  is  not,  in  general,  irrelevant  to 
its  cost  of  capital  (theorem  IV-11  for  the  certainty  case 
and  theorem  IV-15  for  the  uncertainty  case).  In  addition, 
optimality  rules  were  derived  for  the  firm’s  investment 
decision  (theorem  IV-9)  and  for  the  firm's  dividend  policy 
(theorem  IV-12  for  the  certainty  case  and  theorem  IV-16 
for  the  uncertainty  case). 
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It  deserves  to  be  emphasized  that  several  of  the  results 
obtained  In  this  chapter  demonstrate  the  relationship  that 
exists  between  the  firm's  operating  policy  decisions  and 
Its  financial  policy  decisions.  In  general,  the  firm's 
output  decision  Is  not  Independent  of  the  firm's  cash 
management  policy  (theorems  IV-4  and  IV-7  and  corollary 
IV-13-2),  and,  also  In  general,  the  firm's  cost  of  capital, 
and  hence  Its  Investment  decision.  Is  not  Independent 
of  Its  leverage  policy  (theorems  IV-11  and  IV-15). 
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CHAPTER  FOUR  FOOTNOTES 


1.  See  footnote  126  in  chapter  two  of  this  thesis  for 
a definition  of  a perfect  market. 

2.  Hirshleifer,  Investment.  Interest,  and  Capital,  op.  cit,. 
ch.  3.  See  also  subsection  1 in  section  I of  chapter 
two  of  this  thesis. 

3.  See  footnote  529  in  chapter  two  of  this  thesis  for 
a definition  of  complete  markets. 

4.  Ibid.,  pp.  261-264,  and  Rubinstein,  The  Irrelevancy 

of  Dividend  Policy  in  an  Arrow-Debreu  Economy,  op.  cit. 

See  also  subsection  1 in  section  K of  chapter  two  of 
this  thesis. 

5.  The  effects  of  market  imperfections  are  explored  in 
Hirshleifer,  Investment.  Interest,  and  Capital,  op.  cit . , 
ch.  7.  The  effects  of  the  incompleteness  of  markets 

are  analyzed  in  ibid. , pp.  264-272. 

6.  G.J.  Stigler,  ’’Imperfections  in  the  Capital  Market," 
Journal  of  Political  Economy  (vol.  75;  no.  3;  June 
1967),  pp.  287-292,  reprinted  in  Stigler,  The  Organization 
of  Industry,  op.  cit.,  ch.  10.  See  also  Fama  and 
Miller.  op7  cit. . pp.  76-77,  170-175. 

7.  At  times  small  firms  may  find  it  impossible  to  obtain 
financial  capital  from  external  sources  regardless 

of  the  rate  of  interest  they  are  willing  to  pay. 

See  "The  Capital  Crisis,"  Business  Week  (September 
22.  1975). 

8.  See  Hirshleifer,  Investment . Interest . and  Capital . 
op.  cit. , pp . 264-265,  on  this  point. 

9.  See,  for  example,  Stiglitz,  On  the  Optimality  of  the 
Stock  Market  Allocation  of  Investment,  op.  cit . ; 

Jensen  and  Long,  op.  cit.;  ^ama.  t^erfect  Competition 
and  Optimal  Produ^ion  becisions  under  Uncertainty, 
op.  cit. ; Diamond,  op.  cit.;  Wilson,  op.  citT; 

Elkern.  op.  cit.;  and  Leland,  Production  Theory  and 
the  Stock  Market,  op.  cit.  Leland 's  model  is  discussed 
in  subsection  4 in  section  K of  chapter  two  of  this 
thesis.  Even  if  the  firm's  operating  decisions 

and  its  financial  decisions  are  not,  strictly  speaking, 
separable,  there  remains  the  question  as  to  how 
severe  are  the  distortions  introduced  by  assuming 
that  they  are  separable.  See,  for  example,  Fama 
and  Miller,  op.  cit..  p.  77,  footnote  8,  for  a 
discussion  of  this  point  as  it  relates  to  imperfect 
markets. 
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10.  A good  general  discussion  of  these  three  types  of 
financial  policy  decisions  is  provided  in  Bierman, 
op.  cit. 

11.  Later  in  this  chapter  the  cost  of  debt,  i.e.  'the 
interest  rate  on  debt',  will  be  defined  as  the 
weighted  average  cost  of  outstanding  bonds  and 
current  bank  borrowings. 

12.  This  transactions  demand  for  cash  exists  even  under 
certainty.  Under  uncertainty  there  are  additional 
motives,  which  are  discussed  below  in  section  B. 

13.  It  should  also  be  noted  that  Scitovsky  has  argued 
that  the  availability  of  financial  capital  is  what 
limits  the  size  of  the  firm.  Scitovsky,  op.  cit . . 
pp.  189-200. 

14.  See  the  references  listed  in  footnote  9. 

15.  The  model  developed  below  is  analytic.  Simulation 
models  have  been  developed  by  Carleton,  et.  al., 
and  by  Stone.  See  W.T.  Carleton,  C.L.  Dick,  Jr. , 
and  D.H.  Downes,  "Financial  Policy  Models:  Theory 
and  Practice,"  journal  of  Financial  and  Quantitative 
Analysis  (vol.  8;  no.  December  ld73),  pp.  691-709, 

and  B.K.  Stone,  "Cash  Planning  and  Credit-Line  Determination 
with  a Financial  Statement  Simulator:  A Case  Report 
on  Short-Term  Financial  Planning,"  Journal  of  Financial 
and  Quantitative  Analysis  (vol.  8;  no . 5 ; December 
1573?,  pp.  711-72S. 

16.  J.M.  Keynes,  The  General  Theory  of  Employment , Interest 
and  Money  (Harcourt,  brace  and  (k).  ; York;  1935) . 

SeiaTso  Pat inkin,  op.  cit . . chs.  5-6.  A model 
Incorporating  all  three  motives  for  the  firm  to  hold 
cash  is  developed  in  Wu,  Rozek,  and  Dutton,  op.  cit. 

17.  W.J.  Baumol,  "The  Transactions  Demand  for  Cash: 

An  Inventory  Theoretic  Approach,"  Quarterly  Journal 
of  Economics  (vol.  66;  no.  4;  November  1952),  pp.  545- 
556;  J.  Tobin,  "The  Interest-Elasticity  of  Transactions 
Demand  for  Cash,"  Review  of  Economics  and  Statistics 
(vol.  38;  no.  3;  August  1956),  pp.  241-247;  M.H.  Miller 
and  D.  Orr,  "A  Model  of  the  Demand  for  Money  by 
Firms,"  Quarterly  Journal  of  Economics  (vol.  80; 
no.  3;  August  1966X  PP  413-435;  M.  Weitzman, 

"A  Model  of  the  Demand  for  Money  by  Firms:  Comment," 
Quarterly  Journal  of  Economics  (vol.  82;  no.  1; 

February  iMd),  pp.  161-164;  and  Algner  and  Sprenkle, 
op.  cit. . pp.  1249-1254.  See  also  "The  recovery 
produces  a flood  of  liquidity,"  Business  Week  (July 
26,  1976). 

18.  Wu,  Rozek,  and  Dutton,  op.  cit. 
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19.  N.  Cunningham,  "Business  Investment  and  the  Marginal 
Cost  of  Funds,"  Metroeconomica  (part  II;  vol.  10; 

no.  3;  December  1958),  pp.  155-181 ; Tinsley,  op.  cit . ; 
and  Gupta,  op.  cit.  Gupta's  introduction  of  precautionary 
balances  is  an  application  of  Roy's  'safety-first' 
principle.  Ibid. . p.  737,  and  A.D.  Roy,  "Safety 
First  and  the  Holding  of  Assets,"  Econometrica  (vol.  20; 
no.  3;  July  1952),  pp.  431-449. 

20.  See  T.M.  Whitin,  The  Theory  of  Inventory  Management. 

2nd.  ed.  (Princeton  University  Press;  Princeton, 

N.J.;  1957)  or  G.  Hadley  and  T.M.  Whitin,  Analysis 

of  Inventory  Systems  (Prentice-Hall;  Englewood  Cliffs, 
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21.  Baumol,  The  Transactions  Demand  for  Cash:  An  Inventory 
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and  A.H.  Meltzer,  "Economies  of  Scale  in  Cash  Balances 
Reconsidered,"  ^yterly  Journal  of  Economics  (vol.  81; 
no.  3;  August  ld67),  pp.  422-436.  See  also  Miller 
and  Orr,  op . cit . . and  Weltzman,  op.  cit.,  which 
extend  the  basic  Baumol  model;  Aigner  and  Sprenkle, 
op.  cit . ; Bierman,  op.  cit . . ch.  1;  and  J.  Mensching, 

S.  Oarstka,  and  T.  Morton,  "Protective  Planning 
Horizon  Procedures  for  a Deterministic  Cash  Balance 
Problem,"  Management  Sciences  Research  Report  No.  361 
(Graduate  School  of  Industrial  Administration, 
Carnegie-Mellon  University;  Pittsburgh;  April  1975). 

22.  T.R.  Saving,  "Transactions  Costs  and  the  Firm's  Demand 

for  Money."  Journal  of  Honey.  Credit  and  Banking 
(vol.  4;  no.  ST^tay  l&TS) , p^.  WS-aSr. 

23.  Ibid. . p.  246. 

24.  M.  Friedman,  The  Optimum  Q^Antity  of  Money  and  Other 
Essays  (Aldine;  Chicago;  19^9),  pp.  58-59. 

25.  A firm’s  real  money  balances  are  equal  to  its  stock 
of  cash  adjusted  for  inflation,  l.e.  calculated 

as  the  dollar  amount  of  cash  carried  on  the  firm's 
balance  sheet  divided  by  a suitable  price  index 
to  convert  the  amount  into  'base  year'  dollars  (or 
dollars  of  'constant  purchasing  power'). 

26.  S.  Fischer,  "Money  and  the  Production  Function," 

Economic  Inquiry  (vol.  12;  no.  4;  December  1974), 
pp . 517-533 , and  Wu,  Rozek,  and  Dutton,  op.  cit. 

27.  Patlnkin,  op.  cit. . chs.  5-7;  C.  Lloyd,  "The  Real- 

Balance  Effect  and  the  Slutsky  Equation,"  Journal 
of  Political  Economy  (vol.  72;  no.  3 ; June  ld64 ) , 
pp.  295-290;  d!.  Lloyd,  "Preferences,  Separability, 

and  the  Pat inkin  Model,"  Journal  of  Political  Economy 
(vol.  79;  no.  3;  May- June  pp.  64^-651; 

R.  Dusansky  and  P.J.  Kalman,  "The  Real  Balance  Effect 
and  the  Traditional  Theory  of  (kinsuner  Behavior:  A 
Reconciliation,"  Journal  of  Economic  Theory  (vol.  5; 
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no.  3;  December  1972 ) ,pp. 336-347 ; and  J.A.  Alexander 
nrd  C.  T.loyd,  "The  Real  Balance  Effect  and  the  Traditional 
Theory  of  Consumer  Behavior;  An  Annulment,"  Journal  of 
Economic  Theory  (vol.  11;  no.  2;  October  1975),  pp.  289- 
2^1.  To  sumnarlze  briefly  the  argiunents  contained  in  the 
foregoing,  placing  real  money  balances  in  the  utility 
function  requires  that  the  utility  function  satisfy 
certain  somewhat  restrictive  conditions  (what  Lloyd  calls 
'partial  separability')  in  order  that  the  function 
continue  to  exhibit  the  set  of  properties  generally 
considered  desirable  in  view  of  traditional  consumer 
theory. 

28.  Strictly  speaking,  one  must  be  careful  in  pursuing 
this  line  of  argument,  for  if  there  is  complete 
certainty  with  regard  to  the  future,  then  the  economic 
system  becomes  formally  equivalent  to  a barter  econcxny, 
and  even  the  transactions  demand  for  money  vanishes. 

See  R.W.  Glower,  "A  Recon.iideratlon  of  the  Micro- 
foundations  of  Monetary  Thaory,"  Western  Economic 
Journal  (vol.  6;  no.  1;  Decamber  196i7),  pp.  1-8. 

As  discussed  below,  to  Just  7 the  existence  of  a 
transactions  demand  for  money  on  the  part  of  the 
firm,  one  must  assume  at  least  some  minimal  degree 
of  uncertainty  on  the  part  of  the  firm  concerning 
the  timing  of  cash  inflows  and  outflows.  As  long 
as  no  other  uncertainty  exists  (e.g.  future  interest 
rates  are  known  with  certainty),  the  only  source 
of  demand  for  real  money  balances  is  the  transactions 
motive.  In  the  remainder  of  this  subsection  this 
situation  of  'minimal'  uncertainty  will  be  referred 
to  loosely  as  one  of  'certainty'  to  distinguish  it 
from  the  more  general  situation  of  uncertainty  in 
which  there  exist  precautionary  and  speculative 
demands  for  real  money  balances. 

29.  The  optimization  required  to  obtain  m for  any  particular 
triplet  (Q,  K,  L)  might  be  carried  out  in  the  manner 
suggested  by  Pat inkin,  Fischer,  or  Saving.  See  Pat inkin 
op.  cit , . ch.  5 (plus  special  appendix);  Fischer, 

op.  cit . ; and  Saving,  op.  cit. 

30.  The  exact  nature  of  this  process  is  left  unstated, 

as  it  is  incidental  to  the  main  purpose  of  this  section. 
All  that  is  important  is  the  fact  that  the  essential 
(from  the  standpoint  of  the  problem  at  hand)  features 
of  the  process  can  be  summarized  mathematically  in 
(3).  Note  that  in  a similar  manner,  the  actual 
production  technologies  underlying  (2)  are  usually 
not  stated  explicitly  either. 

31.  Since,  as  demonstrated  in  chapter  three,  the  (expected) 
collective  utility  maximizer  will  (except  in  special 
circumstances)  select  the  minimum  cost  combination 

of  inputs  with  which  to  produce  each  level  of  output 
Q,  the  optimization  embodied  in  (4)  is  consistent 
with  the  assumptions  made  and  the  results  obtained 
in  chapter  three  of  this  thesis. 

32.  See  equations  (148)  and  (158)  of  chapter  two. 
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34.  See  footnote  28  of  this  chapter. 


See,  for  example,  "Many  Firms  Manage  To  Pare  Role 
of  Debt,  Build  Cash  Reserves,"  Wall  Street  Journal 
(June  1,  1976),  and  "Firms  Spend  Carefully,  Pay  Off 
Much  Debt  And  Build  Liquidity,"  Wall  Street  Journal 
(January  13,  1977). 


36.  Stochastic  cash  balance  problems  are  considered  in 

G.D.  Eppen  and  E.F.  Fama,  "Cash  Balance  and  Simple 
Dynamic  Portfolio  Problems  with  Proportional  Costs, 
International  Economic  Review  (vol.  10;  no.  2;  June 
1969),  pp.  119-133;  G.t).  Eppen  and  E.F.  Fama, 

"Solutions  for  Cash-Balance  and  Simple  Dynamic- 
Portfolio  Problems,"  Journal  of  Business  (vol.  41; 
no.  1;  January  1968),  pp.  94-112;  l4.M.  Girgis, 

"Optimal  Cash  Balance  Levels,"  Management  Science 
(vol.  15A;  no.  3;  November  1968),  pp.  130-140; 

E.H.  Neave,  "The  Stochastic  Cash  Balance  Problem 
with  Fixed  Costs  for  Increases  and  Decreases," 
Management  Science  (vol.  16A;  no.  7;  March  1970), 
pp.  i72-490;  Miller  and  Orr,  op.  cit. ; Tinsley, 
op.  cit . ; and  Gupta,  op.  cit. 

37.  This  assumes,  for  simplicity,  that  all  decision 
variables  and  all  state  variables  are  strictly 
positive  along  their  optimal  trajectories. 

38.  The  interpretation  of  the  adjustment  term  in  (18), 

3U,/aR  + (l-T)M  e^^ 


is  the  same  as  the  interpretation  of  (42)  in  chapter 
three  (for  which  y had  previously  been  set  equal 
to  zero).  * 


39.  Wu,  Rozek,  and  Dutton,  op.  cit 


Note  that  since  y is  expressed  in  present  value 

units  it  is  of  the  form  y^  ■ y^e”*^^.  Hence, 

yie**^  - y^e'^^^e**'^  - y,  . Thus,  il,  is  t'xpi'essed  in 
current  value  units  and  is  independent  of  r. 


41.  Ibid. . p.  5.  The  lenma  is  consistent  with  a property 
that  Keynesian  monetary  theory  holds  to  be  generally 
valid  for  the  demand  for  money  balances.  Pat inkin, 
op.  cit.,  ch.  9. 


One  question  that  is  of  Interest  in  this  regard 
is  the  extent  to  which  the  firm's  working  capital 
requirements  contain  what  Weston  and  Brigham  call 
a 'permanent  working  capital  coaq>onent'  that  can 
be  financed  more  cheaply  by  long  term  capital  than 
by  repeated  short  term  borrowing.  See  J.P.  Weston 
and  E.F.  Brigham,  Managerial  Finance  (Holt,  Rinehart 


New  York;  1972),  pp.  526-544.  See  also 
t.,  which  treats  this  problem, 


For  completeness  it  should  be  noted  that , according 
to  the  definition  of  debt  provided  in  section  A of 
chapter  two,  debt  also  includes  preferred  stock. 

For  convenience,  preferred  stock  is  not  treated 
separately  in  this  chapter,  but  rather,  is  subsumed 
within  the  composite  measure  of  debt,  B,  defined  in 
section  A of  this  chapter. 


44.  See  Phillppatos,  op.  cit 


45.  Modigliani  and  Miller,  The  Cost  of  Capital,  Corporation 
Finance  and  the  Theory  of  Investment . 
kodiglianl  and  irfiller,  'the  Cost  of  C 
Finance,  and  the  Theory  of  Investment 


brporation 


lorporate  Income  Taxes 


an^  

and  the  Cost  of  Capital:  A Correction 


As  noted  in  chapter  two,  Modigliani's  and  Miller's 
'irrelevance  proposition'  on  the  firm's  leverage 
ratio  has  been  extended  by  Stiglitz,  A Re-Examination 
of  the  Modigliani-Miller  Theorem,  op.  cit . ; Stiglitz 
On  the  Irrelevance  of  Corporate  Financial  Policy. 
op.  cit . ; and  Mossin,  Security  Pricing  and  Invest- 
ment Criteria  in  Competitive  Markets,  op.  cit. 


47.  Currently,  interest  expense  is  deductible  for  tax 
purposes  while  dividends  are  not . 


48.  Hlrshlelfer,  Investment,  Interest,  and  Cyital.  op.  cit 
pp.  263-264;  J.E.  Stiglitz,  "Taxation,  Risk  Taking, 
and  the  Allocation  of  Investment  in  a Competitive 
Economy,"  in  M.  Jensen,  ed. , 
of  Cyital  Markets  (Praeger; 
and  Stapleton.  o'pT  cit. 


New  York 


This  result  was  demonstrated  with  the  aid  of  time-state 
preference  theory  in  subsection  1 in  section  K of 
chapter  two  of  this  thesis. 


Stiglitz , A Re-Examination  of  the  Modigliani-Miller 
Theorem,  op.  cit 
under  Uncertaint 
Scale,  and  the~~!^ 
and  Hlrshlelfer 
op.  cit.,  pp.  2 
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See,  for  example,  "The  Big  Squeeze  on  U.S.  Companies 
Business  Week  (September  22,  1975);  "Stock-Market 
Surge  Beckons  Firms  Back  To  Equity  Financings  After 
Long  Hiatus,"  Wall  Street  Journal  (February  23, 
1976);  "AT  k T to  Sell  12  Million  Shares  About 
June  16,"  Wa^  Street  Journal  (May  19,  1976);  and 
"Branlff  to  Announce  Buying  $70  Million  Of  Planes, 
Establishing  New  Credit  Line,"  Wall  Street  Journal 
(March  30,  1977). 


52.  Inselbag  explores  the  same  problem  considered  below, 
but  for  a value  maximizing  firm  in  the  absence  of 
corporate  taxes.  Inselbag,  op.  cit. 

53.  Inselbag  employs  a relation  similar  to  (21),  although 
he  works  directly  with  total  interest  expense,  rather 
than  just  the  interest  rate,  and  incorporates  the 
capital  stock  at  time  t as  one  of  the  arguments  of 
the  function  in  order  to  allow  for  the  impact  of 
uncertainty  (as  transmitted  through  changes  in  the 
leverage  ratio).  Ibid. , pp.  765-768.  In  order  for 
(21)  to  be  meaningful,  it  is  necessary  that  debt 

be  rolled  over  instantaneously  so  that  the  actual 
borrowing  histories  (amounts  with  corresponding 
interest  rates  up  to  time  t)  are  irrelevant.  Without 
such  a restriction  the  Markov  property  embodied  in 
(21)  cannot  be  satisfied. 

54.  Once  again  under  the  simplifying  assumption  that 
all  control  variables  and  all  state  variables  are 
strictly  positive  along  their  optimal  trajectories. 

55.  Mathematically,  is  needed  to  prevent  the  terminal 

stock  of  debt  from  falling  to  zero.  The  economic 
role  of  is  easily  justified  since  a firm's  planners 

would  rarely  want  to  reduce  the  terminal  stock  of 
debt  to  zero  (and  if  they  did,  could  be  defined 
as  the  zero  function). 

56.  The  derivation  of  equation  (29)  follows. 

From  ( 26 ) , 


3U, 


-3Ly3B.  -[^(1-T)(-1-  |i  II  B)] 

From  ( 28 ) , 


-rt 


-W,(-r)e"'*^(l-T)-^  B-Uje'^(l-T)|A  b , 


.rt 


where 

and  simplifying  yields 
^^1  _ ai 

‘15^  ♦M,)(l-T)(-i-|iB)  - 


Equating  these  two  expressions 


3Ui  _ a.  3U,  _ g. 


.rt 


which,  after  terms  have  been  rearranged  and  p^e 
has  been  substituted  for  p , gives  equation  (29). 
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57.  There  Is  a second  aspect  of  the  firm's  dividend  policy 
that  has  been  discussed  in  the  finance  literature  - 
the  actual  form  the  distribution  of  dividends  is  to 
take  (i.e.  cash  vs.  non-cash  forms  of  distribution). 

See  Bierman,  op.  cit. . chs.  8-10. 

58.  Graham,  Dodd,  and  Cottle,  op.  cit. 

59.  The  price-earnings  ratio  for  a particular  stock  is 
equal  to  the  stock  market  value  of  a share  divided 
by  the  company's  earnings  (i.e.  net  income)  per 
share  (of  common  stock). 

60.  See,  for  example,  Gordon,  Dividends,  Earnings,  and 
Stock  Prices,  op.  cit.  See  also  Friend  and  Puckett, 
op.  cit . , for  a discussion  of  the  biases  in  favor 
of  retained  earnings  built  into  the  Gordon  study 
and  other  similar  studies. 

61.  This  has  been  christened  the  'bird-in-the-hand' 
argument  after  the  proverb  that  states  that  'a 
bird  in  the  hand  is  worth  two  in  the  bush'.  See 
Fama  and  lllller,  op.  cit..pp.  84-85.  See  also 
"Dividend-hungry  investors  cry  for  more,"  Business 
Week  (August  2,  1976). 

62.  Miller  and  Modigliani,  op.  cit. 

63.  Rubinstein,  The  Irrelevancy  of  Dividend  Policy  in 
an  Arrow-Debreu  Economy,  op.  cit. 

64.  See  section  K in  chapter  two  of  this  thesis. 

65.  The  terras 'risk'  and  'uncertainty'  are  used  synonymously 
in  this  thesis.  See  section  C in  chapter  one  of  this 
thesis. 

66.  See  footnotes  529  and  530  of  chapter  two  of  this 
thesis  for  a discussion  of  the  meaning  of  'complete' 
markets. 

67.  However,  as  discussed  later  in  this  section,  this 
interpretation  could  be  given  to  the  model  developed 
below  if  the  appropriate  additional  assumptions  are 
made  concerning  the  firm's  institutional  milieu. 

68.  If  it  were  assumed  that  there  exists  a complete 
set  of  markets  for  contingent  output  claims,  then 
such  contractual  commitments  could  be  the  result 
of  the  firm's  trading  within  these  markets. 

69.  Sharpe,  Capital  Asset  Prices:  A Theory  of  Market 

Equilibria  donditions  of  itisk.  op.  cit.; 

Lintner,  'The  Valuation  of  Risk  Assets  and  the  Selection 
of  Risky  Investments  in  Stock  Portfolios  and  Capital  ' 
Budgets . OP . ciiTi  and  yossin.  Equilibrium  in  a 
Capital  AsWt  karket.  op.  cit. 
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70.  B = 0 would  correspond  to  risk  neutrality  and  B < 0 
would  correspond  to  risk  preference  on  the  part  of 
the  stock  market  as  a whole. 

71.  In  the  simplest  case,  p = r - g,  where  r is  the 
interest  rate  and  g is  the  firm's  long  term  average 
rate  of  growth  (say,  of  total  assets).  That  is, 
under  certainty  with  perfect  markets  and  steady 
state  growth,  in  (35)  becomes  simply 


where  d is  the  dividend  per  share,  as  discussed 
in  chapter  two  of  this  thesis. 

72.  As  discussed  in  section  G of  chapter  two  of  this 
thesis. 

73.  All  other  decision  variables  are  assumed  to  be  strictly 
positive  for  each  date  and  state  along  their  respective 
optimal  trajectories. 

74.  (75)  would  also  hold  if  B were  sufficiently  small, 
i.e.  if  the  stock  market's  degree  of  risk  aversion 
were  sufficiently  mild.  See  footnote  70. 

75.  Hadley  and  Whit  in,  op.  cit. , and  Bierman,  op.  cit . 

76.  The  main  advantage  of  (89)  is  that  the  Lagrange  multipliers 
in  (88),  which  are  expressed  as  marginal  utilities 

(since  the  objective  functional  in  (59)  is  expressed 
in  terms  of  utility  units),  are  replaced  by  ratios 
of  marginal  utilities  in  (89).  Thus,  the  marginal 
cost  of  financial  capital,  Xg  which  is  meaningful 

in  an  ordinal  sense,  but  not  in  a cardinal  sense, 
is  replaced  by  the  (normalized)  marginal  cost  of 

^5  t 

financial  capital  j ^ , which  is  meaningful 

^6,t 

in  a cardinal  sense.  Thus,  in  what  follows  it  will 
be  important  to  work  with  the  right-hand  side  of 
(89)  as  'the'  marginal  cost  of  physical  capital  when, 
as  in  theorem  IV-6,  the  absolute  size  of  this  marginal 
cost  matters.  Similarly,  Xg  ^ can  be  spoken  of  as 

the  marginal  cost  of  financial  capital  when  only 
relative  size  matters.  But  when  absolute  size  matters, 
the  Lagrange  multiplier  terms,  including  Xg  will 

have  to  be  normalized  by  dividing  through  by  ('4,t^'6,t>- 

77.  The  requirement  that  ^4  ^ “ 0 provides  the  connection 

between  the  model  developed  in  chapter  three  and 
the  model  developed  in  this  chapter.  In  chapter 
three  it  was  found  that,  in  general,  the  expansion 
path  of  the  collective  utility  maximizer  coincides 
with  the  expansion  path  of  the  short  run  profit 
maximizer  only  if  the  net  income  constraint  is  not 
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binding.  But  this  corresponds  to  ^ ■ 0 in  (90) 

since  the  value  of  additional  net  income,  which  is 
measured  by  A^  ^ in  (60)  in  terms  of  net  Income's 

contribution  to  total  equity,  is  zero  in  (11)  in 
chapter  three  when  the  profit  constraint  is  not 
binding. 

78.  Note  that  (99)  does  not  imply  that 

s s 

g.f^^l,t+l,s' ,s  “ ,s  • 

79.  The  time-state-preference  approach  is  also  consistent 
with  the  detailing  of  scenarios  (or  states  of  nature) 
that  accompanies  actual  corporate  planning.  See 
chapter  six  of  this  thesis  fc  a further  discussion 
of  this  point  as  it  applies  to  the  U.S.  airframe 
industry. 

80.  That  is,  a change  in  the  debt  level  has  an  Immediate 
impact  on  cash  flow  since  the  firm's  bond  interest 
obligations  are  altered.  This  affects  net  income 
and  collective  utility  through  the  impact  of  a change 
in  net  income  on  total  equity  (A^  ^)  and  cash  generated 

from  operations  (^5  A change  in  the  rate  of 

issues/redemptions  also  has  an  immediate  cash  impact 
as  new  debt  issues  are  a source  of  cash  while  redemptions 
use  up  cash.  In  addition,  a change  in  the  level 
of  debt  outstanding  in  the  current  period  will,  given 
the  firm's  debt  requirements  next  period,  affect 
next  period's  required  issues/redemptions  decision, 
which  in  turn  will  affect  next  period's  average 
interest  rate  i = i(B,  Y).  This  impact  is  measured 
by  ^2,t+l  (106). 

81.  The  separability  theorems  are  discussed  in  sections 
I and  K in  chapter  two  of  this  thesis. 


82. 


Igd-TXl  * |i  B . 14  B)  - (l-,)(2  |i  . |1  . B(^  * |^)» 
by  the  assumed  properties  of  the  function  i. 


83.  As  was  done  in  the  Harris  models  that  were  discussed 
in  section  G of  chapter  two  of  this  thesis  and  as 
was  also  dore  in  the  Herendeen  model  that  was  discussed 
in  section  I of  chapter  two  of  this  thesis. 


84.  Note  that  the  double  sum  on  the  left-hand  side  of 

(124)  reflects  the  fact  that  a change  in  any  dividend 
per  share,  d^  „,  planned  for  any  particular  period 

and  state  of  nature  that  period  affects  the  share  value, 
v^ , that  period,  according  to  (36),  and  hence,  affects 

the  equity  and  cash  flow  impacts  of  any  planned  share 
issue/redemption  in  each  possible  state  s that  might 
obtain  that  period. 

' a 
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85.  See  footnotes  529  and  530  of  chapter  two  of  this 
thesis  for  a discussion  of  the  meaning  of  'complete' 
markets. 

86.  Arrow,  The  Role  of  Securities  in  the  Optimal  Allocation 
of  Risk-Bearing,  op.  cit. . and  Debreu,  op.  cit. 

87.  A survey  of  the  temporary  equilibrium  literature 
can  be  found  in  J.M.  Grandmont , "Temporary  General 
Equilibrium  Theory,"  Econometrica  (vol.  45;  no.  3; 

April  1977),  pp.  535-775’: 
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V.  CORPORATE  PLANNING  AND  THE  INTERNAL 
ALLOCATION  OF  THE  FIRM'S  RESOURCES 


A.  INTRODUCTION 


With  the  exception  of  the  behavioral  theories  of  the 
firm,  the  models  discussed  In  chapter  two  of  this  thesis 
were  formulated  for  the  purpose  of  studying  phenomena  external 
to  the  firm,  e.g.  how  actual  price  and  output  were  related 
to  (external)  product  demand.  More  generally,  this  Is  true 
of  microeconomics,  which  traditionally  has  been  concerned 
with  allocative  efficiency  - l.e.  the  efficiency  with  which 
the  market  system  allocates  resources  and  goods  between 
firms  (and  also  between  firms  and  other  economic  units)  - 
and  much  less  concerned  with  what  Lelbensteln  calls  'X-efflclency ' - 
the  efficiency  with  which  resources  are  allocated  and  utilized 
within  firms. ^ The  main  purpose  of  this  chapter  Is  to  extend 
the  model  developed  In  chapters  three  and  four  of  this  thesis 
to  Incorporate  phenomena  Internal  to  the  firm,  such  as  the 
nature  of  Its  organizational  structure,  and  to  explore  the 
relationship  between  Internal  phenomena  and  the  behavior 
exhibited  by  the  firm. 

In  the  traditional  theory  of  the  firm,  the  firm's  organizational 

structure  was  given  only  an  Indirect  role  to  play.  It 

was  argued  that  within  the  entrepreneurial  firm  the  limited 

decision-making  capacity  of  the  entrepreneur  was  one  of 

2 

the  major  factors  limiting  the  size  of  the  firm.  The 


larger  the  organization,  it  was  argued,  the  weaker  the  degree 

3 

of  control  exercised  by  the  decision  maker.  As  a result, 
internal  diseconomies  of  size  would  set  in  beyond  some  point , 
causing  the  firm's  long  run  average  total  cost  curve  to  become 
upward-sloping  beyond  that  point.  These  organizational  factors 
were  not,  however,  integrated  directly  into  the  model  of 
the  firm,  but  rather,  were  invoked  as  one  justification 
for  the  U-shaped  long  run  average  cost  curve,  and  hence, 
the  optimum  firm  size,  hypothesized  in  the  neoclassical 

4 

theory  of  the  firm. 

In  recent  years  economists  have  come  to  appreciate  better 
the  multidivision  form  of  corporate  organization  pioneered 
by  General  Motors  in  the  1920s  and  1930s  and  have  begun 
to  explore  its  Implications  for  the  coordination  and  control 
of  the  corporate  enterprise.  Several  economists  have  explored 
the  economics  of  the  divisionalized  firm,  noting  in  particular 
that  the  separate  divisions  may  be  viewed  as  quasi-firms 
linked  to  corporate  headquarters  and  to  each  other  by  a set 

7 

of  internal  markets  for  both  human  and  nonhuman  resources. 

It  has  also  been  noted  that  different  organizational  forms 

O 

exist  within  the  basic  multidivision  form,  although  the 
Implications  of  these  different  structures  for  coordination 
and  control  are  not  entirely  clear  as  yet. 

One  of  the  consequences  of  the  multidivision  firm  and 
decentralized  decision-making  is  the  need  for  planning 

g 

procedures  to  guide  the  Internal  allocation  of  resources. 
Capital,  labor  (particularly  managers  and  scientists),  and 
other  resources  may  be  transferred  from  one  division  to 
another.  In  addition,  the  output  of  one  division 
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may  be  used  as  an  input  by  another  division.  Since  there 

are  seldom  market-determined  prices  to  guide  these  allocations  - 

as  there  normally  are  for  transactions  between  firms  - 

the  firm  must  rely  on  some  other  means  of  determining  the 

(optimal)  allocations.  For  this  purpose  the  firm  might 

adopt  price-  or  nonprice-  guided  planning  procedures, 

such  as  those  employed  in  planned  economies. In  some 

cases,  the  planning  process  supplants  the  market,  as  for 

example,  when  vertical  integration  takes  place  and  resources 

that  were  previously  transferred  between  firms  via  markets 

are  thereafter  transferred  between  divisions  of  the  firm,^^ 

while  in  other  cases  the  planning  process  is  intended  to 

serve  a function  for  which  markets  are  poorly  designed, 

as  for  example,  the  allocation  of  managers  on  the  basis  of 

12 

differences  in  quality  and  performance. 

The  question  regarding  the  efficiency  with  which  resources 

are  allocated  and  utilized  within  the  firm  is  an  important 

one.  Leibensteln  argues  that  the  potential  gains  from  Improved 

X-efficiency  - through  the  improved  allocation  of  managers 

and  workers,  better  motivation  of  workers,  better  organization 

of  production,  and  quicker  adoption  of  innovations  - exceed 

13 

the  potential  gains  from  improved  allocative  efficiency. 
Organizational  structure  is  important  to  the  extent  that 

14 

it  affects  the  coordination  and  control  of  the  enterprise. 

Where  controls  are  weak,  the  firm  may  operate  at  a low  level 

of  X-efficiency,  becoming  more  efficient  only  when  adverse 

business  conditions  force  cost  cutting,  productivity  improvements, 

15 

and  other  changes.  The  multidivision  form  of  organizational 
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structure  has  evolved  due  to  the  need  for  effective  coordination 

and  control  In  large,  diversified  firms,  although  as  Williamson's 

analysis  suggests,  managerial  preferences  for  staff  and 

emoluments  make  the  multidivision  organizational  form  a 

necessary  but  not  a sufficient  condition  for  X-efficiency 

16 

in  large  manager-controlled  firms. 

Most  studies  that  have  been  concerned  with  the  allocation 

of  resources  within  firms  have  emphasized  the  Informational 

17 

aspects  of  the  problem.  These  studies  have  suggested 

that  "the  firm,  in  large  part,  consists  of  nonmarket  Institutions 

whose  function  is  to  deal  with  resource  allocation  in  the 

presence  of  informational  constraints  that  markets  handle 

18 

poorly  or  do  not  handle  at  all."  Several  studies  have 

explored  how  these  informational  constraints  affect  the 

structure  of  internal  labor  markets  and  the  allocation  of 

19 

human  resources  within  the  firm,  while  others  have  analyzed 

the  functioning  of  Internal  capital  markets,  how  they  differ 

from  external  capital  markets,  and  the  relationship  between 

the  quality  of  Information  (e.g.  quality  of  forecasts)  and 

20 

the  internal  investment  decision.  While  these  studies 

have  contributed  significantly  to  the  understanding  of  what 

goes  on  inside  the  firm,  the  relationship  between  what  goes 

on  inside  the  firm  and  the  state  of  the  firm's  external 

21 

environment  remains  largely  unexplored. 

To  reiterate  a point  made  earlier,  the  main  purpose  of 
this  chapter  is  to  extend  the  model  developed  in  chapters 
three  and  four  of  this  thesis  to  incorporate  phenomena  internal 
to  the  firm  and  to  explore  the  relationship  between  internal 
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phenomena  and  the  behavior  exhibited  by  the  firm.  Section  B 
distinguishes  different  classes  of  labor  and  develops  a model 
of  organizational  slack  that  relates  the  degree  of  organizational 
slack  to  the  state  of  the  firm's  operating  environment. 

Section  C presents  the  model  of  the  multidivision  firm. 

Under  the  assumption  that  decision-making  is  centralized, 
rules  are  derived  for  the  optimal  allocation  of  human  and 
physical  capital  among  the  firm's  divisions.  These  optimality 
rules  are  utilized  in  section  D to  construct  an  algorithm 
to  solve  the  decentralized  multidivision  firm's  multiperiod 
finite  horizon  planning  problem.  Also  in  section  D,  the 
problem  of  achieving  compliance  with  corporate  objectives 
in  the  decentralized  multidivision  firm  when  division  managers 
attempt  to  maximize  their  own  utility  is  studied  and  the 
implications  of  imperfect  compliance  for  the  loss  of  X-efficiency 
are  discussed. 

B.  A MODEL  OF  ORGANIZATIONAL  SLACK 


1.  Introduction 


The  model  developed  in  chapters  three  and  four  assumed 
all  labor  to  be  homogeneous  and  assumed  that  inputs  were 
employed  with  maximum  technical  efficiency.  In  this  chapter 
two  classes  of  labor  are  distinguished:  manufacturing  labor 
and  administrative  labor.  In  addition,  it  la  no  longer  required 
that  inputs  be  combined  with  maximum  technical  efficiency. 

In  this  section  the  concept  of  organizational  slack  is  Introduced, 
and  the  model  developed  in  chapter  three  is  modified  so  that 
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variation  in  the  degree  of  organizational  slack  over  the 
business  cycle  can  be  studied. 

2.  The  Model 

It  is  assumed  that  the  firm  hires  labor  of  two  types: 

manufacturing  labor,  which  is  productive,  and  administrative 

labor,  some  of  which  is  productive  and  some  of  which  is  not. 

Specifically,  it  Is  assumed  that  the  units  of  administrative 

labor  hired  by  the  firm  are  homogenous,  but  that  a portion 

of  these  units  are  allocated  to  staff  Jobs  in  which  their 

22 

productivity  is  zero.  Let  the  amount  of  manufacturing 
labor  hired  by  the  firm  at  time  t be  denoted  by  L(t)  and 
let  the  amounts  of  productive  and  nonproductive  administrative 
labor  be  denoted  by  A^Ct)  and  A^^Ct),  respectively.  It  is 
assumed  that  the  markets  for  both  types  of  labor  are  perfectly 
competitive,  with  the  constant  unit  costs  being  denoted  by 
w(t)  for  manufacturing  labor  and  by  s(t)  for  administrative 
labor.  Since  administrative  labor  is  assumed  to  be  homogeneous, 
both  productive  and  nonproductive  units  are  paid  the  same 
salary  s(t)  (per  period). 

Productive  administrative  labor  is  valued  by  the 
firm  for  its  contribution  to  production.  Its  contribution 
is  recognized  by  introducing  A^Ct)  as  an  argument  of  the 
neoclassical  production  function, 

Q - f(K(t),  L(t),  Ap(t))  , (1) 

where  it  is  assumed,  as  in  chapter  three,  that  the  firm 
produces  a single  output  and  that  the  production  function  (1) 
has  a full  set  of  continuous  second  partial  derivatives. 


It  is  also  assumed  that  the  marginal  product  of  each  input 
in  (1)  is  strictly  positive  at  all  usage  levels  and  that 
the  use  of  each  input  is  subject  to  diminishing  returns, 
so  that 

3f/3K  > 0 3f/3L  > 0 3f/3Ap  > 0 

3*f/3K*  < 0 3*f/3L*  < 0 3^f/3Ap*  < 0 

Nonproductive  administrative  labor  is  valued  by  the 

firm,  and  specifically,  by  the  firm's  managers,  for  its  direct 

23 

contribution  to  managerial  utility.  Its  contribution  is 

recognized  by  introducing  A^^Ct)  as  an  argument  of  the  collective 

24 

utility  function  , 

U - U (R(t),  D(t),  y(t),  A„(t)).  (3) 

i i “ 

The  introduction  of  administrative  labor  also  requires 
that  the  minimum  net  income  constraint  be  modified  to  take 
this  into  account.  Since  total  labor  cost  is  now 
w(t)«L(t)  + s(t)*[Ap(t)  + Ajj(t)],  the  minimum  net  income 
constraint  becomes 

Tt(t)  - (1  - T){p(e^)-f(K(t),  L(t),  Ap(t)) 

- w(t)-L(t)  - s(t)*[Ap(t)  + A^(t)]  (4) 

- Il(t)  - q(t)-[6*K(t)]  > ir^  , 


where  6^  indicates  the  state  of  the  firm’s  operating  environment 
at  time  t (as  in  section  E of  chapter  three). 


Recognizing  Ap(t)  and  A^Ct)  as  decision  variables, 
and  using  (1),  (3),  and  (4)  to  modify  the  model  of  the  firm 
(11)  in  section  B of  chapter  three,  the  model  of  the  firm 
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is  reformulated  as  the  following  optimal  control  problem: 

T 

maximize  / U [p(e.)*f(K(t),L(t).A  (t));  (1-T){p(0.). 

{L(t),I(t),  0 1 t p t 

Vt)}P^^^’  f(K(t),L(t),Ap(t))  - w(t)*L(t)  - s(t)-[Ap(t) 

+ Ajj(t)]  - M(t)}  + T*q(t)[6*K(t)]  - q(t)*I(t); 

M(t);  A„(t)]e"'‘^dt  + U (K(t))e"^^ 
n 2 

(5) 

subject  to  K(t)  ■ I(t)  - 6»K(t),  0 £ t £ T,  K(0)  given 
(l-T){p(8^)*f(K(t),L(t),Ap(t))  - w(t)-L(t) 

- s(t)*[Ap(t)  + Ajj(t)]  - M(t)  - q(t)*[6.K(t)]} 

> iT^  , 0 < t < T 

L(t),K(t),ll(t),Ap(t),Ajj(t)  >0,  0 < t < T 

The  purpose  of  the  remainder  of  this  section  is  to  characterize 
the  solution  to  problem  (5),  and  to  study  its  implications 
for  the  behavior  of  the  firm  in  response  to  changes  in  the 
firm's  operating  environment. 

3.  Organizational  Slack 

Since  nonproductive  administrative  labor  by  definition 
does  not  contribute  to  output,  it  represents  slack  to  the 
firm  in  the  sense  that  when  A^Ct)  > 0,  total  administrative 
labor  could  be  reduced  by  an  amount  A^Ct)  (i.e.  the  slack 
could  be  eliminated)  and  the  level  of  production,  Q(t),  would 
not  change.  The  dtQKzt  oi  oKiOLnlzatlonat  Alack  at  time 
t is  defined  to  be  the  amount  of  nonproductive  administrative 
labor  in  the  firm's  personnel  organization  at  time  t.  The 
main  result  of  this  section  demonstrated  below  is  that  the 


degree  of  organizational  slack  varies  systematically  with 
the  state  of  the  firm's  operating  environment  (i.e.  over 
the  business  cycle). 

Before  applying  Pontryagin's  maximum  principle  to 
problem  (5)  and  characterizing  the  resulting  necessary  conditions, 
the  significance  of  organizational  slack,  and  its  meaning 
in  terms  of  the  efficiency  with  which  the  firm's  resources 
are  utilized,  should  be  noted.  Given  the  firm's  production 
function  (1),  if  the  units  of  nonproductive  administrative 
labor  could  be  utilized  productively,  then  output  would  be 
Q*  » f(K(t),  L(t),  Ap(t)  + A^(t)),  which  exceeds  Q when 
Ap(t)  > 0 since  by  (2),  the  marginal  productivity  of  the 
additional  'productive  administrative  labor'  is  strictly 
positive.  The  output  level  Q*  can  be  interpreted  as  the 
level  of  output  that  would  result  if  all  inputs  in  the  firm's 
employ  at  time  t were  utilized  in  production  with  maximum 
technical  efficiency.  The  difference  Q*  - Q represents  the 
loss  of  potential  output  due  to  organizational  slack  and 
is  strictly  positive  when  A^^Ct)  > 0. 

Returning  to  problem  (5)  and  proceeding  as  before, 
define  the  Lagrangian  by 

Lp[K,  L,  I,  M,  Ap,  Ajj,  X,  t]  - 

H[K,  L,  I,  M,  A , Ajj,  X,  t]  + Wj(t)‘[(l-T){p(e^)* 

(6) 

f(K(t),  L(t),  Ap(t))  - w(t)-L(t)  - s(t)*[Ap(t) 

+ A^(t)]  - ll(t)  - q(t)*[6*K(t)]>  - iTq]  , 


TBSwr!? 


in  which  U [ denotes  the  integrand  in  (5). 

1 

In  order  that  the  time  paths  L*(t),  I*(t),  M*(t), 
A*p(t),  and  A*jj(t)  provide  an  optimal  solution  to  problem  (5) 
it  is  necessary  that  they  satisfy  the  following  conditions: 
{L*(t),  I*(t),  M*(t),  A*p(t),  A*jj(t)}  maximize 

H[K,  L,  I,  M,  Ap,  t]  (8) 

subject  to  the  minimum  net  income  constraint 

and  the  nonnegativity  constraints  in  (5),  0 £ t £ T 


K(t)  = I*(t)  - 6*K(t),  0 < t < T,  K(0)  given 

3L,  3U  (K(T))  _ - 

“ ■ Ik  ’ “ 3K(T)  ® 


(9) 

(10) 


Since  (9)  and  (10)  are  identical  to  (15)  and  (16),  respectively, 
in  section  B of  chapter  three,  they  are  stated  for  completeness 
only  and  are  not  considered  further  in  this  section. 


To  characterize  the  solution  to  (8),  define  the 

Lagrangian  L ^ by  introducing  the  Lagrange  multiplier  y 

and  by  appending  the  product  y^[Ajj(t)]  to  given  by  (6). 

It  follows  that  the  necessary  conditions  for  an  optimal 

25 

solution  to  (8)  (for  each  time  t)  are  the  following: 


3L  ^ 3U  3U  -rt 

P(6)|i  * - ‘X® 

+ y^(l-T)(p(0)-|^  - w)  - 0 

3L  . 3U 

- {•j^(-q(t))}e"^^  ♦ X(t)  - 0 

3L  * 3U  3U  _ 

- {^(1-T)(-1)  + + y^(l-T)(-l)  - 


(11) 


(12) 

(13) 
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3L  i 3U  3U  . 

P P P 


+ Mj(l-T)(p(e)^  - S)  - 0 


3L  . 3U  3U 

^ 3A^>«  * M/l-T)(-s)  + . 0 

(l-T){p(0)f(K,L,Ap)  - wL  - s(Ap  + Ajj)  - M - q-6-K}  > 

^ 0 

y^[(l-T){p(e)f(K,L,Ap)  - wL  - s(Ap  + A^^)  - M - q-6*K}  - ir^] 

Ajj(t)  >0  ^^2  ° 


(14) 


(15) 


(17) 


Conditions  (11),  (12),  (13),  and  (16)  have  the  same  interpretation 
as  conditions  (18)-(21)  in  section  B of  chapter  three,  and 
need  not  be  considered  separately  in  this  section. 

The  interpretation  of  condition  (14)  and  its  analogy 
to  (11)  are  summarized  as  the  following  lemma: 

Lemma  V-1 

In  equilibrium  the  collective  utility  maximizer  modeled  in 
(5)  will  hire  more  administrative  labor  and  more  manufacturing 
labor  than  a short  run  profit  maximizer. 

Proof 

Follows  directly  from  (11),  (14),  and  (2),  and  the  fact  that 

the  short  run  profit  maximizer  will  hire  manufacturing  labor 

df 

up  to  the  point  at  which  w » p(0)-5^  and  productive  administrative 
labor  up  to  the  point  at  which  s ■ P(®)7J^  • Q.E.D. 


Remark 

Note  that  (14)  is  Just  (11)  with  Ap  in  place  of  L,  so  that 
proving  that  the  firm  hires  more  productive  administrative 
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labor  than  a short  run  profit  maximizer  is  perfectly  analogous 
to  proving  that  it  hires  more  manufacturing  labor.  Note 
also  that  since  the  firm  hires  more  productive  administrative 
labor  than  a short  run  profit  maximizer,  the  existence  of 
organizational  slack  (i.e.  A^(t)  > 0)  strengthens  the  conclusion 
that  ’too  much'  administrative  labor  is  hired. 

The  interpretation  of  conditions  (15)  and  (17), 
and  their  analogy  to  (13)  when  the  possibility  that  M(t)  = 0 
is  admitted,  are  summarized  as  the  following  lemma: 

Lemma  V-2 

In  equilibrium  if  the  collective  utility  maximizer  modeled 

in  (5)  hires  any  nonproductive  administrative  labor,  it 

will  do  so  up  to  the  point  at  which  the  marginal  rate  of 

substitution  between  nonproductive  administrative  labor  and 
3U  /3A 

dividends,  3^^  /^p°  . J'ist  equals  salary  expense  net  of 
1 ' 

tax, (1  - t)s.  If  no  nonproductive  administrative  labor 
is  hired,  it  is  because  the  marginal  rate  of  substitution 
between  nonproductive  administrative  labor  and  dividends 
is  strictly  less  than  salary  expense  net  of  tax  (at  A^^  = 0). 
Proof 

The  first  stateiuent  follows  directly  from  (15)  with  u ”0 

2 

(since  by  (17)  ■ 0 when  A^^  > 0).  The  second  statement 

follows  directly  from  (15)  with  y^>  0 (since  by  (17)  = 0 

when  y > 0 ) . Q . E . D . 

2 

Remark 

Note  that  lemma  V-2  provides  an  interpretation  of  (15) 
and  (17)  that  is  perfectly  analogous  to  the  interpretation 
of  (28)  and  (30)  in  section  B of  chapter  three.  As  in  the 
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case  of  managerial  emoluments  (according  to  (28)  in  section  B 
of  chapter  three)  the  firm  will,  if  it  hires  nonproductive 
administrative  labor,  equate  the  subjective  rate  of  trade 


off  between  nonproductive  administrative  labor  and  dividends, 
3U  /3A„ 

3U  /3D 


with  the  objective  rate  of  trade  off  permitted  by 


the  market  for  administrative  labor  and  government  tax  policy. 

That  is,  (1  - T)s  is  the  rate  at  which  dividends  and  nonproductive 
administrative  labor  can  be  traded  off  within  the  firm's 
income  statement,  given  the  market-determined  salary  level 
s and  government  tax  policy  as  embodied  in  t.  Also  as  in 
the  case  of  managerial  emoluments  (according  to  (30)  in  section 
B of  chapter  three),  the  firm  will  not  hire  any  nonproductive 
administrative  labor  - there  will  not  be  any  organizational 
slack  - unless  the  subjective  rate  of  trade  off  exceeds  the 
objective  rate  of  trade  off  over  some  range  of  values  for 


The  third  lemma  of  this  section  relates  the  firm's 
marginal  rate  of  substitution  between  managerial  emoluments 
and  nonproductive  administrative  labor  to  the  ratio  of  their 
unit  costs. 

Lemma  V-3 

When  the  firm  modeled  in  (5)  pays  managerial  emoluments  and 

hires  nonproductive  administrative  labor  when  it  is  in  equilibrium, 

the  marginal  rate  of  substitution  between  nonproductive 

3U  /3A^ 

admin  let  rat  ive  labor  and  managerial  emoluments,  ' » 

equal  to  the  unit  salary  of  administrative  labor,  s. 


» fame  directly  from  (13)  and  (15).  Q.E.D. 
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Remark  1 


Note  that  the  unit  cost  of  administrative  labor  is  s and 

the  unit  cost  of  (a  dollar's  worth  of)  managerial  emoluments 

is  one,  so  that  s also  represents  the  ratio  of  the  unit 

costs  of  these  two  sources  of  managerial  utility.  Thus 

3U  /3A 

the  equilibrium  condition  /&M  ~ ® that  arises  out  of 

lemma  V-3  is  similar  to  the  neoclassical  optimality  condition 
for  production  that  requires  that  inputs  be  combined  in  such 
a way  that  the  marginal  rate  of  technical  substitution  between 
each  pair  of  inputs  just  equals  the  ratio  of  their  unit  costs. 
Here  'production'  is  interpreted  in  the  sense  of  'contributing 
to  collective  utility'.  The  point  to  be  emphasized  is  the 
important  analogy  that  exists  between  optimally  combining 
amounts  of  items  that  contribute  to  collective  utility  so 
as  to  maximize  a concave  multivariate  utility  function  subject 
to  certain  constraints  and  optimally  combining  amounts  of 
inputs  (i.e.  sources  of  output)  so  as  to  maximize  a concave 
multivariate  production  function  subject  to  certain  constraints. 
Remark  2 

Note  that  in  the  special  case  in  which  s is  fixed,  lemma 
V-3  could  be  restated  as:  in  equilibrium  the  marginal  rate 
of  substitution  between  expenditures  in  the  form  of  managerial 
emoluments  and  expenditures  for  nonproductive  administrative 
labor  is  equal  to  one. 

One  of  the  consequences  of  lemma  V-3  is  that  an 
Increase  in  the  unit  cost  of  administrative  labor  will  tend 
to  cause  the  firm  to  substitute  managerial  emoluments  for 
(the  now  relatively  more  expensive)  nonproductive  administrative 


O 
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labor,  provided  the  marginal  rate  of  substitution  between 
nonproductive  administrative  labor  and  managerial  emoluments 
is  decreasing  in  . This  is  illustrated  in  figure  V-1. 

The  line  AB  shows  the  permissible  combinations  of  M and  A^ 
when  all  other  variables  in  (5)  are  held  fixed  (at  their 
optimal  levels).  The  convex  Indifference  curve  shows  those 
combinations  of  M and  A^  that  yield  the  same  level  of  collective 
utility  as  the  combination  M*).  The  convex  shape  of 

the  indifference  curve  embodies  the  decreasing  marginal  rate 
of  substitution  property.  When  the  unit  cost  of  administrative 
labor  is  s,  the  firm  will  hire  an  amount  A‘*’^  and  will  pay 
managerial  emoluments  M*.  This  is  the  consequence  of  lemma 
V-3,  which  states  that  the  optimal  levels  A*^^  and  M*  must 
occur  at  a point  of  tangency  such  as  C in  figure  V-1. 

When  the  unit  cost  rises  to  s’  (all  other  variables  in  (5) 
held  fixed),  the  line  AB  rotates  clockwise  through  A to  the 
position  AB’  since  the  maximum  permissible  level  of  managerial 
emoluments  is  unchanged,  but  the  maximum  permissible  amount 
of  nonproductive  administrative  labor  that  can  be  hired 
has  been  reduced.  The  pure  substitution  effect  of  the  change 
in  s is  determined  by  holding  the  utility  level  fixed,  which 
is  accomplished  geometrically  by  drawing  a third  line  parallel 
to  AB'  and  tangent  to  the  indifference  curve.  The  pure 
substitution  effect,  according  to  which  managerial  emoluments 
are  substituted  for  nonproductive  administrative  labor  with 
the  utility  level  held  fixed,  is  depicted  by  the  ’shift’ 
from  C to  D in  figure  V-1.  The  second  portion  of  the  overall 
effect  of  a change  in  s,  the  Income  effect,  is  depicted  by 
the  ’shift'  from  D to  E.  In  the  case  Illustrated  in  figure  V-1, 
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Figure  V-1  The  Finn's  Trade  Off  Between  Managerial 

Emoluments  and  Nonproductive  Administrative 
Labor 


O 


both  managerial  emoluments  and  the  amount  of  nonproductive 
administrative  labor  employed  by  the  firm  are  reduced  as  a 
result  of  the  increase  in  s. 

The  two  effects  of  a change  in  s illustrated  in 
figure  V-1  can  be  stated  in  more  formal  mathematical  terms 
through  the  development  of  the  appropriate  Hlcks-Slutsky-type 
equation.  This  is  stated  as  the  following  theorem. 

Theorem  V-1 


Assume  that  the  utility  function  is  strictly  concave. 


Holding  the  amounts  of  manufacturing  labor,  productive  administrative 
labor,  and  investment  fixed,  when  the  minimum  net  income 
constraint  in  (5)  is  binding,  the  effect  of  a change  in  s 
on  the  firm's  hiring  of  nonproductive  administrative  labor 
can  be  expressed  in  the  form  of  a Hlcks-Slutsky-type  equation 
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one  a substitution  effect  according 


as  the  sum  of  two  effects 


to  which  managerial  emoluments  are  substituted  for  nonproductive 


administrative  labor  when  s is  Increased  and  the  other  an 


Income  effect 


The  appropriate  mathematical  technique  is  that  used  in  proving 


theorem  III-4.  The  technique  is  applied  to  equations  (13) 


0,  and  (4)  expressed  as  an  equality,  with 


(15)  with  y 


U,  and  A each  expressed  as  a function  of  s and  ir 


This  leads  to  the  equation 


From  (19)  it  is  straightforward  to  calculate 

8*U  3*U 

det  H ■ -( ^ s*(1-t)*  + *-(l-T)^)e 


< 0 by  the  concavity  assumption 


Differentiating  with  respect  to  ir  as  in  the  proof  of  theorem 


III-4  leads  to  the  equation 


1' 


(21) 


3it 


[H] 


3«/3n^  1 


i 0 
0 


From  (18)  and  (21)  it  follows  that 


3A^/3s  - (l-T)[Ap  + Ajj](3Ajj/3Tr^) 

3U  - 

^ 33 


(22) 


where  the  first  term  on  the  right-hand  side  of  (22)  is  the 
income  effect  and  the  second  term  is  the  substitution  effect. 

It  follows  from  (20)  that  = -(l-T)^/det  H < 0,  and  hence, 


that  the  substitution  effect  is  always  negative. 


Q.E.D. 


As  before,  the  relationship  embodied  in  the  Hicks- 
Slutsky-type  equation  (22)  can  be  expressed  generically  as: 


3A„ 
n _ / n 


3 A. 


ii  s ( 

3s  '3ir  '^siconstant  '3s  ■'■jr^sconstant  ' 


(23) 


o o 

where  the  first  term  on  the  right-hand  side  of  (23)  represents 
the  income  effect  and  the  second  term  represents  the  substitution 
effect. 
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4.  Organizational  Slack  and  the  Business  Cycle 

The  main  result  of  this  section  is  proved  as  the 
following  theorem. 

Theorem  V-2 

For  the  collective  utility  maximizer  modeled  in  (5),  investment, 
managerial  emoluments,  and  organizational  slack  vary  cyclically, 
i.e.  Increasing  in  the  upswing  and  decreasing  in  the  downswing. 


administrative  labor,  and  hence  its  output,  vary  cyclically 


also,  provided  - vyR*' 

\ 

Proof 


30U  /3R) 


3R 


< 1 at  the  margin. 


In  the  proof  of  theorem  III-ll  it  was  shown  that 
dl/d6  > 0 and  dll/d6  > 0,  and  in  addition,  that  dL/d6  > 0, 


3(3U^/3R) 


< 1 at  the  margin.  The  proof 


provided  - gy  /3R*  3R" 

1 

that  dA^/de  > 0 is  perfectly  analogous  to  the  proof  (using 

(15))  that  dlf/de  > 0,  and  the  proof  that  dA  /de  > 0,  provided 
3(3U  /3R) 


R 

3U  /Sr*  3R 


< 1 at  the  margin,  is  perfectly  analogous 
to  the  proof  (using  (11))  that  dL/de  > 0,  provided  the  same 
condition  holds.  Q.E.D. 


The  Importance  of  theorem  V-2  is  twofold  in  nature. 
First,  it  links  the  phenomenon  of  organizational  slack  to 
the  business  cycle.  During  the  upswing  the  profit  constraint 
is  more  easily  satisfied,  and  one  result  is  that  staffs 
expand  and  organizational  slack  develops  (or  worsens  if  it 
is  already  present).  During  the  downswing  the  need  to  satisfy 
the  profit  constraint  requires  that  organizational  slack 
be  reduced  and  leads  to  the  sort  of  cost  cutting  and  staff 
reductions  reported  by  Williamson  and  widely  reported  in  the 
business  and  financial  press  when  the  level  of  economic 
activity  declines.  Second,  theorem  V-2  extends  theorem  III-ll 
to  reflect  factors  Internal  to  the  firm. 

Thus  far  in  this  chapter  the  firm  has  been  treated 
as  having  a single  division  organizational  structure.  The 
remainder  of  this  chapter  is  concerned  with  firms  having 
a multidivision  organizational  structure  and  with  the  allocation 
of  the  firm's  productive  resources  among  these  divisions. 
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c.  A MODEL  OF  THE  MULTIDIVISION  FIRM 


1.  Introduction 

The  purpose  of  this  section  is  to  develop  a model 
of  the  multidivision  firm  and  to  use  the  model  to  derive 
rules  for  optimally  allocating  the  firm’s  productive  resources 
among  the  divisions.  In  this  section  it  is  assumed  that 
all  operating  decisions,  as  well  as  all  capital  allocation 
decisions, are  made  at  the  headquarters  level.  The  consequences 
of  decentralized  decision-making  are  explored  in  section  D. 

The  purpose  of  this  subsection  is  to  describe  briefly  the 
nature  of  the  multidivision  firm. 

The  organizational  structure  of  a typical  multidivision 

firm  is  illustrated  below  in  figure  V-2.  At  the  top  of  the 

organizational  pyramid  is  the  headquarters,  which  Includes 

the  chairman  of  the  board  of  directors,  the  president,  one 

or  more  vice  presidents  with  functional  responsibilities 

(often  the  divisions  are  organized  into  groups,  each  of  which 

is  headed  by  a vice  president),  and  supporting  staff.  This 

supporting  staff  typically  includes  legal  staff,  corporate 

planning  staff,  and  financial  staff  (offices  of  the  treasurer 

and  controller,  which  in  smaller  organizations  are  usually 

combined  into  one  office).  Beneath  the  headquarters  are 

the  divisions,  which  are  the  principal  operating  units  of 

27 

the  corporation  and  which  may  be  viewed  as  quasi-firms. 

This  notion  of  a division  as  a quasi-firm  is  developed  further 
below. 

In  the  multidivision  firm  decision-making  is  typically 
decentralized.  Many  of  the  firm's  operating  decisions  are 
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Figfure  V-2  Organizational  Structure  of 
the  liultldivlslon  Firm 

made  at  the  division  level,  though  decisions  concerning 
investment,  new  product  development,  and  financial  policy 
are  typically  made  at  the  headquarters  level.  In  figure 
V-2  the  solid  line  from  headquarters  to  the  divisions  Indicates 
the  allocation  of  capital  and  managerial  talent  (productive 
administrative  labor)  among  the  divisions  and  the  dashed 
line  indicates  the  flow  of  each  division's  net  operating 
income  to  the  headquarters  level.  A portion  of  these  funds 
is  used  to  pay  headquarters  expenses,  to  meet  the  firm's 
financial  obligations  (e.g.  to  pay  bond  Interest),  and  to 
pay  dividends,  and  the  remainder  is  allocated  among  the  divisions 
for  Investment  purposes  in  accordance  with  the  firm's  objectives. 
Thus,  there  are  two  main  Internal  allocation  problems:  one 
involving  managerial  talent  (i.e.  human  capital)  and  the 
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other  involving  investment  resources  (i.e.  physical  capital). 
Subject  to  these  allocation  decisions  by  the  headquarters. 
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each  division  determines  manufacturing  labor  and  output  levels, 
carries  out  production  and  marketing,  and  remits  its  net 
operating  Income  to  the  headquarters.  It  is  in  this  sense 
that  each  division  acts  as  a quasi-firm. 

In  this  section  these  quasi-firms  are  given  a minimal 
degree  of  discretion.  All  significant  operating  decisions 
are  made  at  the  headquarters  level.  In  the  next  section 
decision-making  is  permitted  to  become  decentralized,  and 
it  is  shown  how  such  decentralization  can  lead  to  such  problems 
as  loss  of  internal  control,  lack  of  compliance  with  corporate 
objectives,  and  loss  of  X-ef ficlency . In  developing  these 
results,  the  model  developed  in  this  section  will  be  used 
for  comparative  purposes. 

In  this  section  and  the  next  the  problems  introduced 
by  uncertainty,  which  were  explored  in  chapters  three  and  four, 
and  the  role  of  financial  considerations,  which  was  studied 
in  chapter  four,  are  abstracted  from  in  order  to  deal  exclusively 
with  questions  related  to  organizational  structure,  internal 
resource  allocation,  and  corporate  control.  Since  the  presence 
of  uncertainty  was  shown  in  chapters  three  and  four  to  lead 
to  complexities,  but  in  most  cases  to  results  not  fundamentally 
different  from  those  obtained  under  certainty,  and  since  the 
multidivision  firm's  financial  operations  are  typically 
concentrated  at  the  headquarters  level,  it  is  this  writer's 
opinion  that  neither  abstraction  detracts  seriously  from  the 
results  obtained  in  the  remainder  of  this  chapter. 
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2.  A Model  of  the  Multidivision  Firm 

In  this  subsection  it  is  assumed  that  all  decision- 
making within  the  firm  is  centralized  at  the  headquarters 


level.  It  is  also  assumed  that  the  firm  has  I divisions, 
numbered  i « 1 , ...  , I , each  of  which  produces  a single 
good.  Associated  with  each  division  is  a production  function 
of  the  form 


f^(K^,  L^,  Ap^^,  A 


p,H 


) , 


(24) 


where  is  the  amount  of  real  capital  allocated  to  the  division 

by  the  headquarters,  is  the  amount  of  manufacturing  labor 

hired  by  the  division,  A . is  the  amount  of  productive 

P » ^ 
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administrative  labor  hired  by  the  division,  and  ^ p y 
is  the  amount  of  headquarters  management  time  (hereafter 
referred  to  as  'productive  headquarters  administrative  labor') 
devoted  to  problems  arising  in  the  i-th  division.  As  before, 
it  is  assumed  that  (24)  has  a full  set  cf  continuous  second 
partial  derivatives  and  that  all  its  first  derivatives  are 
strictly  positive  for  all  input  usage  levels. 

If  the  firm's  total  stock  of  fixed  capital  at  time 
t is  denoted  by  K(t)  and  if  its  quantity  of  productive  head- 
quarters administrative  labor  at  time  t is  denoted  by  A u(t), 

p 9 n 

then  it  follows  that 

I 


Z K.(t)  < K(t) 
i-1  ^ 


(25) 


must  hold  at  each  time  t,  0 t £ T,  where  K(t)  is  determined 

along  with  the  optimal  allocations,  K^(t),  and  investment, 

I(t),  and  where  A u(t)  is  also  determined  along  with  the 

p 9 n 

optimal  allocations,  A^p  |j(t),  in  the  model  set  out  below. 
While  (26)  are  inequalities,  it  is  shown  below  that  when 
the  firm  is  in  multiperiod  equilibrium,  (25)  will  hold  as 
equalities. 
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I I 

-W(t)‘  Z L.(t)  -s(t)[A  „(t)+A„(t)+  Z A (t)] 

-M(t)  - q(t)*[6*K(t)]}  1 TT^,  0 < t < T 
Ki(t),L^(t),Ap^^(t),A^p  jj(t)  > 0,  0<t<T, 

M(t),Ajj(t)  >0,  0 < t < T 

According  to  the  model  of  the  multidivision  firm  (26), 

the  objective  of  the  firm  is  to  set  allocations  among  the 

firm's  operating  divisions  of  capital,  K^(t),  manufacturing 

labor,  L. (t),  productive  administrative  labor,  A .(t),  and 
1 P > i 

productive  headquarters  administrative  labor,  A^  u(^)« 
in  addition,  to  determine  levels  of  productive  headquarters 
administrative  labor,  Ap  g(t),  investment,  I(t),  managerial 
emoluments,  H(t),  and  nonproductive  administrative  labor, 

Ajj(t),  at  each  time  t,  0 £ t £ T,  that  lead  to  maximum  discounted 
collective  utility  over  the  firm's  planning  period,  subject 
to  four  constraints  (in  addition  to  nonnegativity  constraints): 
the  familiar  net  investment  constraint;  a constraint  requiring 
that  the  amount  of  capital  allocated  not  exceed  the  amount 
available  (at  each  time  t);  a constraint  requiring  that 
the  amount  of  productive  headquarters  administrative  labor 
allocated  not  exceed  the  amount  available  (at  each  time  t); 
and  the  familiar  minimum  net  income  (i.e.  profit)  constraint. 

As  before,  it  is  assumed  that  all  product  and  factor  markets 
are  perfectly  competitive,  so  that  w(t),  s(t),  q(t),  and 
Pj(t),  i » 1,  ...  , I,  are  treated  as  given  by  the  firm 
at  each  time  t.  Also  as  before,  it  is  assumed  that  capital 
markets  are  perfect,  so  that  there  is  a unique  rate  of  interest 
r at  each  time  t,  and  further,  that  r as  well  as  t and  6 


8*^7 


remain  constant  throughout  the  planning  period.  Also  as 
before,  and  f ^ , i = 1,  ...  , I,  are  assumed  to  be  strictly 
concave  with  strictly  positive  first  partial  derivatives. 


3.  Optimal  Internal  Allocation  Rules 

The  purpose  of  this  subsection  is  to  derive  the 
rules  for  optimally  allocating  inputs  implied  by  the  model 
(26)  formulated  in  the  previous  subsection.  The  Hamiltonian 
for  (26)  is 


HCK,  K^,  L^,  Ap^^,  A p jj,  Ap  jj,  I,  M,  A^,  X,  t] 

U [ ]e‘^^  + X(t)Cl(t)  - 6*K(t)]  . 

1 

“ T*  t 

where  U^[  ]e  denotes  the  integrand  in  (26).  To  find 
the  necessary  conditions  for  an  optimal  solution  to  (26), 
from  which  the  desired  allocation  rules  can  be  obtained, 
define  the  following  generalized  Lagrangian: 


(27) 


L rK,K.,L.,A„  s .A^„  u.A^  „,I,M,A„,X,y  ,p  ,p  ,t]= 

M lip,i  p,np,n  u 12  3 

H[K,K^,L^,Ap  j^,A^p  jj,Ap  jj,I,M,Ajj,X,t]+  y^(t)[K(t) 


I 

Z K.(t)] 
i=l  ^ 


+ y (t)CA  u(t) 
2 P.n 


Z A^„  „(t)]  + y (t)[(l-T){  Z pAt)- 
i-1  ’ i=l  ^ 


I (28) 

f^(K^(t),L^(t)Ap^^(t),A^p  jj(t))  - w(t)-Z^L^(t)  - s(t)[Ap  jj(t) 
I 

+ A„(t)  * Z A^  .(t)]  - M(t)  - q(t)-[6-K(t)]}  - n ] , 

“ i»  1 P ’ ^ 

where  HC  ] is  given  by  (27). 

In  order  that  the  time  paths  K'*‘j^(t),  L*j^(t),  A*p  j^(t), 

^ H(t),  I*(t),  M*(t),  and  A*  (t)  provide  an 

p , n n 

optimal  solution  to  problem  (26)  it  is  necessary  that  they 
satisfy  the  following  conditions: 
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MJSOlUllON  TJSl  CMAHl 

SAfk'NAi  HUklAU  (H  '>'*N(jARI>S  I'M.)  A 


{K*^(t).L*^(t).A*p  j(t),A^*p  g(t),A*p  g(t),I*(t),ll*(t),A*jj(t)} 

maximize  H[K,Kj^  Ap  ^.A^p  jj,  Ap  g,  1 ,11,  A^,  X , t]  (29) 

subject  to  the  allocation  constraints  (25)  and  subject 
also  to  the  minimum  profit  and  nonnegativity  constraints 
in  (26),  0 < t < T 

k(t)  - I*(t)  - 6*K(t),  0 < t < T,  K(0)  given  (30) 

3L,  3U  (K(T))  _ „ 

X*(t)  ~ ~ . A*(T)  - e . (31) 

Since,  as  before,  (30)  merely  repeats  the  net  Investment 

constraint,  only  (29)  and  (31)  need  be  considered  explicitly 

below.  Since  the  implications  of  M and  A^  being  zero  at 

optimality  have  already  been  considered  and  since  the  variables 

Kj , L4 , A^  and  A^^  „ contribute  directly  to  production, 

1 1 p, 1 p,n 

and  hence  would  be  expected  to  be  strictly  positive  at  optimality, 

it  is  assumed  in  what  follows  that  each  of  the  decision 

variables  is  strictly  positive  all  along  its  optimal  trajectory. 

First  considering  (29),  the  necessary  conditions 

30 

are  the  following  Kuhn-Tucker  conditions: 


3U^  3fj  3U^  3f^ 


1,  -rt 


3fi 


0 

3f, 


3l  3u  af  au  o*. 

^ ^ 3R^  PiSE^ 


-rt 


♦ w/1-t)[Pj-5j~  - w]  - 0 
jU  3f . 3U  3f. 


3L 


3f. 


♦ U Cl-T)Cp.*r3r-^ 

I ^^p,i 


- s]  - 0 


(32) 


(33) 


(34) 
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3A 


3L  3U  3f.  3U  3f  _ 

^ - ‘'a 


P.H 


P.H 


^3A^ 


P.H 


3f. 


+ y (1-T  )p.  — T- 

* ^ 3A^ 


P.H 


3L. 


3U 


lA 


^(l-T)(-s)e"*'^  ^2  ■*■  P,(l-'r)(-s)  “ 0 


P.H 


rt 

•gy-  “ ■yg^(-q(t))e  + X(t)  ■ 0 


dL  3U 


3U 


a/  “ {^(1-T)(-1)  + + y^(l-T)(-l)  « 0 

3L,  3U  3U 

- {-j^Cl-xX-s)  + 3A^}e  + W^(l-T)(-s)  - 0 


n 


y > 0 
1 ~ 


I 

y [K(t)  - E K.(t)]  - 0 (40) 
» i-1  ^ 


(35) 


(36) 

(37) 

(38) 

(39) 


E K,(t)  < K(t) 

1-1  ^ 

^ i ^ i 

E A^„  „(t)  < A^  „(t)  y > 0 y [A„  „(t)  - E A\  „(t)]  - 0 (41) 


i-1 


p.M'*”'  - "p,H 


11' 

2 P.H 


i-1 


P.H' 


J 


^^“^^^iilPi*^i^*^i'^i'^p,i'^  P.H^"\fl^i"®^\.H‘^^n'*’^ij^  p,H^ 


-M-q*6‘K}  > TT^ 


y >0 
3 — 


(42) 


-M-q.6*K)  - Wq]  - 0 

By  comparing  necessary  conditions  (32)<-(39)  for  the  model 

of  the  multidivision  firm  (26)  with  necessary  conditions 

(11)-(15)  for  the  model  of  the  firm  (5)  having  what  Williamson 

31 

calls  the  unitary  form  of  organization,  it  is  immediately 
apparent  that  (33),  (37),  (38),  (34),  and  (39)  are  virtually 
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Identical  to  (11)-(15),  respectively.  In  particular,  the 
manufacturing  labor  allocation  rule  (11)  Is,  according  to 

( (33),  applied  to  each  division  separately.  Similarly,  the 

productive  administrative  labor  allocation  rule  (14)  is, 
according  to  (34),  applied  to  each  division  separately. 

This  result  Is  stated  as  the  following  lemma. 

Lemma  V-4 

The  multidivision  firm  modeled  in  (26)  will  employ  the  same 
rules  for  optimally  allocating  manufacturing  labor  and  productive 
administrative  labor  to  each  division  as  the  firm  modeled 
in  (5). 

The  significance  of  the  lemma  is  twofold.  First, 
lemma  V-4  makes  clearer  the  point  made  earlier  that  the 
divisions  of  a multidivision  firm  behave  like  quasi-firms. 

Second,  the  lemma  leads  immediately  to  the  following  theorem. 

( Theorem  V-3 

The  multidivision  firm  modeled  in  (26)  will  allocate  to  (or, 
employ  in)  each  of  its  divisions  more  manufacturing  labor 
and  more  productive  administrative  labor,  and  hence,  will 
produce  more  of  each  of  its  I goods,  than  a short  run  profit 
maximizer. 

Next,  consider  the  necessary  conditions  (32)  and 
(35),  which  have  no  counterparts  among  (11)-(15).  These 
conditions  together  with  (40)  and  (41)  determine  the  allocations 
of  physical  capital,  K^,  and  productive  headquarters  administrative 
labor,  subject  to  the  constraints  (25).  Rewrite  (32)  and 
(35)  as 

( 
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By  analogy  with  equation  (40)  in  chapter  three,  the  left- 
hand  side  of  (43)  can  be  interpreted  as  the  marginal  value 
of  an  additional  unit  of  capital  allocated  to  the  i-th  division 


where  this  marginal  value  is  figured  net  of  tax  and  where 
the  role  of  the  expression  within  brackets  in  (43)  is  to 
measure  the  marginal  impact  on  revenue  and  the  profit  constraint 
in  terms  of  the  marginal  utility  of  dividends  (i.e.  in  terms 
of  a 'dividend  equivalent').  Similarly,  the  left-hand  side 
of  (44)  can  be  interpreted  as  the  marginal  value  of  an  additional 
unit  of  productive  headquarters  administrative  labor  allocated 
to  the  i-tb  division.  Recognizing  that  the  right-hand  sides 
of  (43)  and  (44)  are  Independent  of  i leads  to  the  following 


theorem 


Theorem  V-4 


When  the  multidivision  firm  modeled  in  (26)  is  in  multiperiod 


equilibrium,  the  marginal  value  of  an  additional  unit  of 
capital  allocated  to  any  division  will  be  the  same  for  all 
divisions  and  the  marginal  value  of  an  additional  unit  of 
productive  headquarters  administrative  labor  allocated  to 
any  division  will  be  the  same  for  all  divisions. 


Proof 


The  first  part  of  the  statement  follows  directly 


I 


from  (43),  which  must  hold  for  i « 1,  ...  , I.  The  second 
part  of  the  statement  follows  directly  from  (44),  which  also 
must  hold  for  i ■ 1,  ...  , I.  Q.E.D. 

Remark 

The  right-hand  sides  of  (43)  and  (44)  are  actually 
marginal  rates  of  substitution.  For  example,  the  ratio 
M^e  /(3U^/3D)  can  be  interpreted  as  the  marginal  rate  of 
substitution  between  dividends  and  a unit  of  capital  allocated 
to  any  division.  Alternatively,  the  ratio  M^e^^/(3U^/3D) 
can  be  interpreted  as  the  marginal  value  of  an  additional 
unit  of  capital  allocated  to  any  division,  expressed  in  terms 
of  the  marginal  impact  of  such  an  allocation  on  total  dividends 
(and  therefore,  indirectly  on  collective  utility).  In  either 
case,  dividing  p^e  by  3U^/3D  converts  the  nonmeasurable 
marginal  utility  expression  for  value  into  a ratio  (l.e.  a 
marginal  rate  of  substitution)  that  is,  in  theory  at  least, 
measurable. 

The  significance  of  theorem  V-4  is  that  it  provides 
the  rules  for  optimally  allocating  physical  capital  and 
productive  headquarters  administrative  labor  among  the  I 
divisions  of  a multidivision  firm.  In  order  for  these  allocations 
to  be  optimal  it  is  necessary  that  the  marginal  value  of  an 
additional  unit  of  each  resource  be  the  same  in  every  alternative 
use  for  that  resource  within  the  firm.  Moreover,  (43)  and 
(44)  yield  expressions  for  these  common  marginal  values  in 
terms  of  the  Lagrange  multipliers,  or  shadow  prices,  and 
p^  . The  following  corollary  states  that  in  equillbrliun 
these  marginal  values  must  be  strictly  positive.  A later 
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I 


theorem  demonstrates  the  relationship  between  the  internal 
price  of  capital,  and  the  firm's  external  cost  of  capital. 
Finally,  the  planning  algorithm  developed  in  section  D will 
make  special  use  of  the  shadow  prices  and  y^  (as  well  as 
of  y^). 

Corollary  V-4-1 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 

rt 

the  marginal  value  of  capital  ye  /(3U  /dD)  and  the  marginal 

rt 

value  of  productive  headquarters  administrative  labor  ye  /(dU  /dD) 

2 1 

are  both  strictly  positive. 

Proof 

Follows  from  (42)>(44)  and  the  assumptions  that 
3f,/3K,  > 0,  3f,/3A^  „ > 0,  3U  /3R  > 0,  and  3U  /3D  > 0. 

11  1 p , n 1 1 


Corollary  V-4-1  leads  immediately  to  the  following 

result . 

Corollary  V-4-2 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 
the  available  amounts  of  physical  capital  and  productive 
headquarters  administrative  labor  at  each  time  t will  be 
fully  allocated,  l.e.  the  constraints  (25)  will  hold  as 
equalities. 

Proof 

It  follows  from  corollary  V-4-1  that  y^>  0 and 

y > 0 at  optimality.  Hence,  from  (40)  and  (41),  the  constraints 
2 

(25)  must  hold  as  equalities  when  the  firm  modeled  in  (26) 


Is  in  equilibrium. 


Q.E.D. 


Next,  consider  (36),  which  also  has  no  counterpart 
among  (11)- (15).  (36)  leads  inmediately  to  the  following 

theorem. 

Theorem  V-5 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 

it  will  hire  productive  headquarters  administrative  labor 

up  to  the  point  at  which  the  marginal  rate  of  substitution 

between  dividends  and  productive  headquarters  administrative 
y e 

labor^  * — r , just  equals  the  salary  level  net 

3Uj/3D  + y e^^ 
of  tax,  (i-T)8.  * 

Proof 

Rearranging  terms  in  (36)  yields 


=t  - (1  - T)s  , (45) 

3U  /3D  + y 

I 3 

which  is  the  desired  result.  Q.E.D. 

The  left-hand  side  of  (45)  represents  the  firm's 

subjective  rate  of  trade  off  between  dividends  and  productive 

headquarters  administrative  labor,  while  the  right-hand  side 

represents  the  externally  Imposed  rate  at  which  these  quantities 

can  be  traded  off  for  one  another.  Thus,  according  to  theorem 

V-5,  the  firm  will  hire  productive  headquarters  administrative 

labor  up  to  the  point  at  which  its  internal  rate  of  trade 
y e**^ 

off,  rr  . just  equals  the  externally  imposed  rate, 

3Ui/3D  * yie*^^ 

(1-t)8,  at  which  dividends  and  productive  headquarters  administrative 

o 

labor  can  be  traded  off  within  the  firm's  income  statement. 

This  result  is,  of  course,  perfectly  analogous  to  results 
obtained  earlier  in  chapter  three  and  in  section  B of  this 
chapter.  The  next  corollary  also  follows  from  (36). 


Corollary  V-5-1 

When  the  multldlvislon  firm  modeled  in  (26)  is  in  equilibrium, 


the  marginal  value  of  an  additional  unit  of  productive  head- 


ers administrative  labor  allocated  to  any  division, 


, is  equal  to  the  after  tax  marginal  cost  of  an 


1 

additional  unit  of  productive  headquarters  administrative 

U 

} . 


3U  /&D^ 
1 


labor,  (1-t)s{1  + 

Proof 

Rearranging  terms  in  (36)  yields 


M e 


rt  gft 


which  is  the  desired  result. 


(46) 

Q.E.D. 


Remark 


Nottr  that  if  the  profit  constraint  were  not  binding. 


then  ■ 0 and  the  right-hand  side  of  (46)  becomes  (1  - t)s, 

the  marginal  cost  of  a unit  of  productive  headquarters 

administrative  labor.  Thus,  (46)  is  the  familiar  marginal 

value  equals  marginal  cost  optimality  criterion.  Moreover, 

(46)  makes  clear  that  when  the  profit  constraint  is  binding, 

the  marginal  cost  of  a unit  of  productive  headquarters 

administrative  labor  must  be  adjusted  upward  to  reflect 

the  Impact  on  net  income  of  the  hiring  of  an  additional 

u e*^' 

unit  of  this  type  of  laboi^where  (1  - t > 0 is 
the  needed  adjustment. 

Together  (35)  and  (36)  lead  to  the  following  corollary. 
Corollary  V-5-2 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 
it  will  hire  more  productive  headquarters  administrative 
labor  than  a short  run  profit  maximizer. 


J 


A46 


Proof 


rt 

Solving  (35)  and  (36)  for  y e , equating  the  resulting 

2 

expressions,  and  rearranging  terms  gives 
3U  3f.  3U  3f, 

3^  Pj-T + ♦ P,®  )(l-^)<Pl— I s)  - 0 . (47) 

P.H  =■*  p,H 

Since  3f./3A^  h ^ ^ > 0 by  assumption, 

(47)  implies  that 


'i  ..i 


< 8 . 


The  desired  result  follows  from  (48)  by  the  assumed  strict 


concavity  of  fj^  . 


Q.E.D. 


The  foregoing  has  been  concerned  with  characterizing 
the  solution  to  (29).  Turning  to  (31),  evaluating  the  derivative 
- 3Ly/3K  gives 

3L  3U 

A “ - ~ A6  + + y (l“T)(-q6)] 


- -[^  q6(-(l-T))e"'‘^  M,(l“T)(-q6)]  . (49) 

Solving  (37)  for  A(t)  and  differentiating  gives 


A ■ rq  + q)e"^^  . (50) 

Equating  (49)  and  (50)  and  solving  the  resulting  expression 
for  y e^^/(3U  /3D)  leads  to  the  following  important  theorem. 

» i 

Theorem  V-6 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 
the  marginal  value  of  an  additional  unit  of  physical  capital 


allocated  to  any  division  is  the  same  for  all  divisions  and 
is  equal  to  the  firm's  marginal  cost  of  physical  capital. 

Proof 

The  first  part  of  the  theorem  is  merely  a restatement 
of  the  first  part  of  theorem  V-4.  To  prove  the  second  part 
of  the  statement,  equate  (49)  and  (50)  and  solve  for  y ^e^^/( 3U^ /9D) . 
This  procedure  yields 

rt  rt 

(1-t)6{1  + ^ 

i'  1 

where  the  right-hand  side  is  interpreted  as  the  firm's  marginal 
cost  of  physical  capital  and  is  identically  equal  to 
i(=  rq  + (l-T)qi  - q)  when  the  profit  constraint  is  not 
binding  (i.e.  * 0).  Q.E.D. 

Remark 

As  (51)  makes  clear,  the  firm's  marginal  cost  of 

capital  must  be  adjusted  for  the  impact  the  purchase  of  an 

additional  unit  of  capital  will  have  on  the  current  period's 

net  income  (and  indirectly,  the  impact  of  such  a purchase 

on  discounted  collective  utility).  The  adjustment  term  in 

(51)  is  (1-T)q6  . Similarly,  the  marginal  value 

j ' 3 f ye 

expression  (43)  contains  the  adjustment  term  p 1-t ) 3|)  • 

When  the  profit  constraint  is  not  binding,  then  y^  - 0 and 
(43)  and  (51)  can  be  combined  to  yield  equation  (40)  of  chapter 
three  (with  in  place  of  K). 

Theorem  V-6  leads  to  the  following  corollaries. 

Corollary  V-6-1 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 
it  will  allocate  more  physical  capital  to  each  division  than 
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a short  run  profit  maximizer  would. 
Proof 


( 


Follows  directly  from  (43)  and  (51),  the  assumed 
concavity  of  each  f^,  and  the  fact  that 


3f.  OU  /3R)  + (l-T)u  e**^ 

g ^ :i'TT  / in  ^ ] > 0 , 


au^/3D 


Q.E.D. 


Corollary  V-6-2 

When  the  multidivision  firm  modeled  in  (26)  is  in  equilibrium, 
it  will  allocate  more  of  each  input  to  each  division,  and 
hence  produce  more  of  each  output,  than  a short  run  profit 
maximizer. 

Proof 

Theorem  V-3,  corollary  V-5-2,  and  corollary  V-6-1. 

Q.E.D. 


The  significance  of  theorem  V-6  is  that  it  extends 

the  necessary  condition  for  optimal  investment  in  physical 

capital  ((40)  in  chapter  three)  to  the  multidivision  firm. 

That  is,  the  marginal  value  of  an  additional  unit  of  physical 

capital  for  each  division  must  equal  the  firm's  marginal 

cost  of  physical  capital.  Moreover,  when  the  firm's  profit 

constraint  is  binding,  this  marginal  cost  of  capital  must 

be  adjusted  upward  to  reflect  the  Impact  on  the  firm's  net 

income  of  enlarging  the  firm's  capital  stock.  In  the  planning 

algorithm  developed  in  the  next  section  the  shadow  price 

u will  play  a vital  role  along  with  u and  v>  in  achieving 
» * * 

the  optimal  allocation  of  the  firm's  productive  resources. 


4.  Section  Summary 

In  this  section  the  model  of  the  single  product  firm 
formulated  in  chapter  three  was  extended.  A model  of  the 
multidivision  firm  (26)  was  developed  and  rules  for  optimally 
allocating  inputs  among  the  firm's  divisions  were  derived 
under  the  assumption  that  decision-making  within  the  firm 
was  centralized  at  the  headquarters  level. 

The  main  results  obtained  in  this  section  are  the 
following.  The  multidivision  firm  modeled  in  (26)  will 
in  equilibrium  allocate  more  of  each  input  to  each  division, 
and  hence  produce  more  of  each  output,  than  a short  run  profit 
maximizer  (theorem  V-3,  corollary  V-5-2,  and  corollary 
V-6-1,  stated  collectively  as  corollary  V-6-2).  In  equilibrium 
for  the  multidivision  firm  modeled  in  (26),  the  marginal 
value  of  an  additional  unit  of  physical  capital  will  be 
the  same  for  all  divisions,  and  similarly  for  the  marginal 
value  of  an  additional  unit  of  productive  headquarters 
administrative  labor  (theorem  V-4).  In  addition,  this  common 
marginal  value  of  physical  capital  is  equal  to  the  firm's 
marginal  cost  of  physical  capital  when  the  multidivision 
firm  modeled  in  (26)  is  in  equilibrium  (theorem  V-6).  In 
equilibrium  the  raultidivision  firm  modeled  in  (26)  will  hire 
productive  headquarters  administrative  labor  up  to  the  point 
at  which  its  subjective  rate  of  trading  off  that  type  of  labor 
for  dividends  Just  equals  the  externally  imposed  rate  at 
which  those  quantities  can  be  traded  off  for  one  another 
within  the  firm's  income  statement  (theorem  V-5). 

In  addition,  it  was  shown  that  the  Lagrange  multipliers, 
or  shadow  prices,  m » P » and  ii  , play  important  roles  in 
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the  resource  allocation  process.  These  roles  will  become 
more  crucial  In  the  next  section  where  decentralized  decision- 
making  Is  permitted  and  where  a planning  algorithm  based  on 
the  necessary  conditions  (29)-(42)  Is  developed  for  the 
decentralized  multldlvlslon  firm. 

D.  DECENTRALIZATION  IN  THE  MULTIDI VISION  FIRM 

1.  Introduction 

In  the  previous  section  it  was  assumed  that  decision- 
making within  the  multidivision  firm  was  centralized  at  the 
headquarters  level.  In  this  section  decision-making  Is 
largely  decentralized.  Specifically,  each  division  decides 
how  much  manufacturing  labor,  L^,  and  how  much  productive 

administrative  labor,  A . , to  hire,  and  it  Is  assumed  that 

P » ^ 

each  division  hires  these  amounts  directly  via  the  external 

(to  the  firm)  markets  for  these  types  of  labor.  Each  division 

also  decides  how  much  physical  capital,  K^,  and  how  much 

productive  headquarters  administrative  labor,  A^  „,  to 

p 9 n 

'hire',  but  these  amounts  must  be  'hired'  at  prices  established 

by  the  headquarters,  which  decides  how  much  physical  capital 

and  how  much  productive  headquarters  administrative  labor 

the  firm  as  a whole  will  hire. 

The  next  subsection  develops  a planning  algorithm 

the  multidivision  firm  modeled  in  (26)  could  use  to  ensure 

optimal  input  and  output  decisions  by  the  divisions.  The 

planning  algorithm  makes  important  use  of  the  shadow  prices 

M , M , and  u discussed  in  the  previous  section.  In  applying 
12  1 


the  algorithm,  the  headquarters  would  act  as  a central  planning 
board  and  would  effect  changes  in  input  allocations  by  changing 
the  implicit  prices  u , u , and  M . In  the  following  subsection 

12  3 

it  is  shown  that,  in  general,  such  a planning  algorithm 
could  work  only  if  the  headquarters  is  able  to  control  the 
divisions,  i.e.  to  force  them  to  establish  hiring  practices 
consistent  with  (29)-(42).  In  particular,  it  is  shown  that 
if  division  managers  are  free  to  maximize  their  own  utility, 
then  resource  allocations  that  are  subopt imal  with  regard 
to  collective  utility  are  likely  to  result. 

2.  A Multiperiod  Finite  Horizon  Planning  Algorithm 
for  the  Multidivision  Firm 

The  planning  algorithm  developed  in  this  subsection 

for  the  muitidivision  firm  modeled  in  (26)  establishes  a 

34 

price-guided  planning  procedure.  The  planning  process, 
as  modeled  in  this  subsection,  is  iterative.  This  contrasts 
with  the  treatment  of  planning  in  chapters  three  and  four 
and  earlier  in  this  chapter,  in  all  of  which  the  planning 
problem  was  formulated  as  an  optimal  control  problem,  with 
the  characterization  of  the  necessary  conditions  for  an 
optimal  solution  to  the  optimal  control  problem  constituting 
the  rules  for  optimally  allocating  productive  resources  through- 
out the  planning  period.  Solving  the  planning  problem  in 
this  manner  presupposes  that  the  firm's  planners  have  complete 
knowledge  of  , and  f.  In  the  case  of  the  multidivision 

firm,  the  firm's  planners  would  need  to  determine  the  production 
function  f^  for  each  division. 


The  value  of  the  decentralized  planning  procedure 
set  out  in  this  subsection  - indeed,  the  value  of  decentralized 
planning  procedures  in  general  - is  the  reduction  in  the 
amount  of  information  needed  by  the  headquarters  of  the  firm 

35 

(i.e.  the  'central  planning  board')  in  carrying  out  planning. 

The  reduction  in  informational  requirements  is  made  possible 
by  the  (correct)  use  of  the  information  conveyed  by  the 
shadow  prices  f , y , and  y . In  the  planning  algorithm 
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set  out  below  the  divisions  will  not  need  to  know  , but 

rather  will  only  need  to  know  the  marginal  utilities  3U^/3R 

and  3U  /3D  and  the  shadow  prices  y , y , and  y . The  head- 
1 1 2 s 

quarters  will  not  need  to  know  the  Individual  production 
functions  f^  , but  rather,  will  only  need  to  know  each  division's 
input  decisions,  , Ap  , and  A^p  ^ , and  the  division's 

resulting  total  revenue  . 

While  the  reduced  informational  requirements  is  the 
main  advantage  of  the  planning  algorithm  set  out  below,  the 
use  of  such  a decentralized,  iterative  scheme  also  has 
Important  disadvantages.  First,  because  the  headquarters 
lacks  complete  information  concerning  each  division's  production 
function,  internal  corporate  control  can  become  a problem. 

As  discussed  in  subsection  3 of  this  section,  division 

managers  may  be  motivated  to  pursue  tfc'^ir  own  objectives  - 

in  much  the  same  way  that  corporate  managers  within  headquarters 
are  motivated  to  pursue  their  own  objectives  (at  least  to 
some  extent)  at  the  expense  of  shareholders'  objectives. 

As  a result,  resource  allocations  may  not  be  optimal  with 
regard  to  collective  utility,  and  the  firm  may  suffer  a 
loss  of  X-eff Iciency. 
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A second  disadvantage  concerns  the  difficulty  of 


establishing  equilibrium,  feasibility,  and  convergence 


properties  for  planning  algorithms 


proofs  appear  to  require  conditions  no  weaker  than  strict 
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concavity  of  all  utility  and  production  functions.  Even 

38 

then,  however,  exact  convergence  often  cannot  be  assured. 

In  addition,  even  when  convergence  can  be  proved,  in  practical 

applications  there  remains  the  problem  of  determining  how 

many  Iterations  of  the  planning  cycle  to  have,  since  iterations 

are  time-consuming  and  costly  and  planners  typically  face 

39 

both  time  and  budget  constraints.  Since  these  more  practical 
considerations  normally  arise  when  two  or  more  algorithms 
for  obtaining  a solution  are  compared,  and  since  this  sub- 
section is  concerned  with  the  development  of  a single  algorithm 


consistent  with  the  characterization  of  an  optimal  solution 


that  was  obtained  in  section  C,  they  are  not  discussed  further 


here.  However,  after  the  planning  algorithm  has  been  presented 
the  issues  of  the  existence  of  an  equilibrium  plan,  the 


feasibility  of  intermediate  plans,  and  the  convergence  of 


the  algorithm  are  addressed. 

The  remainder  of  this  subsection  is  concerned  with 


developing  a multiperiod  finite  horizon  planning  algorithm 
for  the  multidivision  firm  modeled  in  (26).  The  hierarchical 


levels  at  which  decisions  are  assumed  to  be  made  are  shown 


in  table  V-1.  Each  division  makes  the  decisions  shown  on 


the  left-hand  side  of  table  V-1,  while  headquarters  makes 


the  decisions  shown  on  the  right-hand  side  of  the  table 
The  purpose  of  the  planning  algorithm  is  to  ensure  that 


the  decleioDs  are  consleteat  with  (29)-(42). 


^ > 


c 


Table  V-1  Decisions  Made  at  the  Division  Level 

and  Decisions  Made  at  the  Headquarters 
Level 


Division  Level  Decisions 

Headquarters  Level  Decisions 

capital  input 

*^1 

prod.  HQ  admin. 

labor 

An  H 
P.H 

manuf . labor  input 

investment 

I 

admin,  labor  input 

^P.i 

capital  stock 

K 

prod.  HQ  admin. 

managerial  emoluments 

M 

labor  input 

^ P.H 

nonprod.  admin. 

labor 

An 

The  planning  process,  as  described  by  the  planning 


1 

i algorithm  set  out  below,  is  Iterative.  A representative 


r 


The  arrows  in  figure  V-3  indicate  the  direction  of  the  Informational. ^ <.■ 

flows.  As  Indicated  below,  the  first  cycle  of  the  planning 

) 

process  Is  atypical  and  additional  information,  such  as  the 
discount  rate  r,  must  be  furnished  the  divisions. 

Figure  V-3  indicates  the  information  transmitted 
to  the  divisions  from  headquarters  and  the  information  transmitted 
to  headquarters  from  the  divisions.  First,  consider  the 
information  transmitted  to  the  divisions  by  headquarters. 

The  headquarters  planning  staff  acts  as  a central  planning 
board,  announcing  the  revised  marginal  utilities  BU^dR 
and  3U  /9D  and  the  revised  shadow  prices  u , u , and  y 
at  each  cycle.  The  divisions,  having  been  told  the  discount 
rate  r and  the  tax  rate  x in  the  initial  cycle,  use  the 
information  received  from  headquarters  and  (32)- (35)  to 

compute  new  input  usage  levels,  K^,  L^,  Ap  and  A^p  jj.  ^ 

Then  these  new  input  usage  levels  and  (24)  can  be  used  to 

compute  the  new  output  level,  Given  price,  p^^,  total 

revenue  is  simply  R^  ■ Pl^l‘  should  be  emphasized  that 

this  is  done  simultaneously  for  all  t,  0 £ t £ T.  Then  the 

division's  (revised)  proposed  time  paths  of  input  usage, 

Ki(t),  Lj^(t),  Ap  j^(t),  and  A^p  ^(t),  and  its  proposed  time 
path  of  total  revenue  (also  revised),  R^(t),are  sent  to 
headquarters.  It  also  needs  to  be  emphasized  that  no  transactions 
take  place  on  the  basis  of  this  information.  Transactions 
take  place  only  after  the  iterations  of  the  planning  cycle 
have  been  completed  and  the  final  plan  has  been  approved 
by  headquarters. 


In  deciding  how  much  of  each  input  to  use  each 


division  uses  the  market  prices  of  manufacturing  labor,  w 


and  of  administrative  labor,  s,  and  also  uses  the  Implicit 


and  of  productive  headquarters 


prices  of  physical  capital,  )i 


which  are  supplied  by  headquarters 


administrative  labor,  y 


In  addition,  the  implicit  price  of  diminishing  net  income 


y , enters  the  calculations  when  the  profit  constraint  is 


binding.  When  the  profit  constraint  is  not  binding  (or 


more  correctly,  when  it  was  not  found  to  be  binding  as  a 


0 can  be 


result  of  the  previous  iteration),  then  y 


transmitted  to  the  divisions,  and  each  division's  decisions 


become,  in  effect,  unconstrained  by  net  income  considerations 


Next,  consider  the  information  transmitted  to  head 


quarters  from  the  divisions  and  how  this  information  can 
be  used  to  revise  the  shadow  prices  y , y , and  y Note 

12  3 

that  equation  (51),  which  was  obtained  from  (31)  and  (37), 


implies  that  at  optimality 


where  1 = rq  (1  - T)q6  - q.  Thus,  (52)  expresses  y^  in 
terms  of  y and  3U  /3D  - all  other  variables  in  (52)  are 


exogenously  determined.  Similarly,  (36)  implies  that  at 


optimality 


where  only  3U  /3D  (in  addition  to  y and  y ) is  variable. 

1 2 1 

Thus,  (52)  and  (53)  can  be  used  to  alter  y and  y in  accordance 


with  changes  in  y^  and  au^/9D.  It  follows  from  corollary 
V-4-2  that  at  optimality  the  constraints  (25)  will  hold  as 
equalities,  so  that  at  each  iteration  of  the  planning  process 


the  headquarters  planning  staff  can  compute  K(t)  and  A u(t) 

p,H 

according  to 


K(t)  - E K.(t) 
1-1  ^ 


(54) 


That  Is,  corollary  V-4-2  makes  separate  adjustments  to  (52) 
and  (53)  on  account  of  (25)  unnecessary. 

It  remains  to  be  shown  how  y Is  to  be  adjusted  and 

3 

how  3U^/9R  and  3U^/dD  change.  First,  using  the  same  values 

for  3U  /3D  and  y that  were  sent  to  the  divisions,  the  headquarters 
1 s 

planning  staff  uses  (38)  to  compute  the  proposed  level  of 

managerial  emoluments,  M,  and  uses  (39)  to  compute  the  proposed 

level  of  nonproductive  administrative  labor,  Then,  given 

Ri(t),  K^(t),  L^(t),  Ap^^(t),  and  A^p  jj(t),  0 < t < T,  1-1, 

...  , I,  transmitted  by  the  divisions,  it  Is  a straightforward 

exercise  for  the  headquarters  planning  staff  to  use  (54) 

to  compute  K(t)  and  A„  u(t)  and  then  to  use  the  following 

P»“ 

Identities  to  determine  ir(t)  and  D(t): 


7r(t)  - (1-T){  E R.(t)  - w(t)  E L.(t)  - s(t)[A„  „(t)  + A„(t) 

1 4-1  1 Pi“  n 


♦ I A„  ,(t)]  - M(t)  - q(t)[6.K(t)]} 


:t)  - (1-T){  E R.(t)  - w(t)  E L.(t)  - 8(t)[A„  „(t)  + A„(t) 

1-1  * 1-1  ^ P'"  “ 


(55) 


+ E A„  .(t)]  - M(t))  + T*q(t)[6*K(t)]  - q(t)*I(t) 

1-1  P'l 


where  I(t)  Is  computed  using  K(t),  llt<T,  and  the  net 
Investment  constraint  K(t)  - I(t)  - 6*K(t),  l.e.  by  using 
I(t)  - k(t)  ♦ 


for  each 


r 


Following  the  above  computations, 

t,  0 £ t ^ T,  can  be  found  by  substitution.  Also,  values 

for  3U  /3R  and  3U  /3D  can  be  found  by  substitution  into 
1 1 

general  expressions  for  these  derivatives  (computed  from 
).  Lastly,  an  appropriate  change  in  needs  to  be 
determined.  Let  p denote  a positive  constant.  Then  one 
scheme  for  adjusting  is  the  following: 

p^Ct)*^  + p(n^  - 7r(t)),  if  iT(t)  < Wq 

- i (57) 

0,  if  Tr(t)  > It 

V o 

where  k denotes  the  iteration  number  and  where  (57)  is  used 
for  each  time  t,  0 £ t £ T.  According  to  (57),  when  the 
profit  constraint  is  violated,  i.e.  ■ir(t)  < ir^,  the  value  of 
p^  - the  penalty  for  violating  the  constraint  - is  Increased. 
When  the  constraint  is  satisfied  as  an  equality,  the  value 
of  p is  unchanged.  When  the  profit  constraint  is  satisfied 
as  a strict  inequality,  the  value  of  p is  reduced  to  zero 

3 

since  in  that  case  the  firm's  choice  of  operating  policies 

is  unaffected  by  a marginal  increase  in  (or  marginal 

decrease  in  ir(t)).  While  the  choice  of  p is  a matter  of 

some  concern  since  it  affects  the  convergence  properties 

of  the  algorithm,  it  is  not,  in  general,  possible  to  specify 

41 

exactly  how  p should  be  chosen. 

For  the  convenience  of  the  reader,  the  entire  planning 
algorithm  is  set  out  in  table  V>2.  The  central  portions 
of  the  algorithm  have  already  been  discussed,  but  the  initial 
cycle  and  the  stopping  rule  have  not.  During  the  initial 


I 


cycle  the  optimality  criteria  (32)-(35)  and  values  for  the 
discount  rate  r and  the  tax  rate  t,  all  of  which  are  used 
in  each  cycle,  must  be  communicated  to  each  division.  In 
the  simplest  case  the  rules  and  the  values  for  r and  t are 
unchanged  from  the  previous  year,  and  as  long  as  this  information 
was  stored  by  each  division,  the  divisions  need  only  be  informed 
that  the  optimality  criteria,  r,  and  t are  unchanged  from 
the  previous  year. 

To  begin  the  planning  process  it  is  also  necessary 

that  the  headquarters  planning  staff  select  initial  values 

for  3U  /9R,  3U  /9D,  y , u , and  y for  each  time  t.  One 

of  the  simplest  procedures  is  first,  to  use  the  values  for 

years  1 through  T of  the  previous  year's  final  plan  as  initial 

values  for  the  same  variables  for  years  0 through  T-1  of 

the  current  year's  plan,  e.g.  use  y^*(t)  from  the  previous 

year's  final  plan  as  the  initial  value  for  y^(t-l),  1 1 t £ T, 

in  the  current  year's  plan,  and  second,  to  set  the  initial 

values  of  each  of  the  five  variables  for  the  period  T-1  < t £ T 

in  the  current  year's  plan  equal  to  the  variable's  initial 

value  at  time  T-1,  e.g.  y (t)  ■ y (T-1),  T-1  < t < T.  No 

1 I ~ 

special  virtues  are  claimed  for  this  procedure;  it  is  merely 
one  method  of  initializing  the  values  of  the  five  variables 
to  be  transmitted  to  the  divisions.  The  procedure  seems 
reasonable  to  this  writer  since  it  does  take  advantage  of 
the  overlapping  periods  covered  by  plans  made  in  adjacent 
years,  and  also  since  one  would  hope  for  a reasonable  degree 
of  consistency  of  plans  over^tlme. 
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Table  V-2  The  Planning  Algorithm 


HQ  = headquarters  D = divisions,  i ■ 1,  ...  , I 


Step  I.  [Initialize]  HQ  8«ts  k ■*  1 (k  is  a counter  for 

the  number  of  iterations)  and  also  sets  « 0.  HQ 

selects  e and  K to  be  used  in  step  IV.  HQ  selects  i 

initial  values  for  3Ui/3R,  3Ui/3D,  \ii,  M2  , and  Ma* 

and  informs  D of  these  values.  HQ  also  transmits  the 

optimality  criteria  (32)-(35)  and  values  for  r and  t 

to  D. 

Step  II.  [D  Computations]  D use  (32)-(35),  r,  t,  3Ui/3R,  | 

3Ui/30,  Ml,  M2,  and  Ma  to  compute  proposed  allocations  ' 

K^,  Ap  and  Aip  g.  From  these  D compute  R^^,  and  j 

R. , K. , L. , A . , and  A^  „ are  transmitted  to  HQ. 

xixp^x 

step  III.  [HQ  Computations]  HQ  uses  and  A^p  g to  compute  j 

; K and  A^  „.  HQ  also  uses  (38)  and  (39)  to  compute  j 

i P»n  I 

^ proposed  M and  A^  and  (55)  and  (56)  to  compute  Tr(t) 

and  D(t).  Then  U is  computed  for  each  t,  0 < t £ T, 

and  ■ /I  U [ ] e“^*dt  + U ( )e”*^^  is  also  computed. 

O 1 2 

Step  IV.  [Stopping  Rule]  HQ  compares  V^  and  V^“^.  If  j 

jV^  - V^“^|  < e and  Tr(t)  > ir^,  then  stop.  Otherwise 

continue.  HQ  increments  kbyl.  Ifk>K,  then  stop. 

Otherwise  continue.  j 

Step  V.  [Revise  Prices]  HQ  computes  new  3Ui/3R  and  3Ui/3D.  | 

HQ  uses  (57)  to  revise  Ma  and  uses  (52)  and  (53)  to 
I revise  mi  and  M2«  HQ  transmits  revised  3U  /3R,  3U  /3D,  | 

? M . M , and  M to  D.  GO  TO  STEP  II.  ^ * 

t I 2 a 

i 

m 

m 

* 


( 


The  stopping  rule,  or  rule  for  terminating  the  algorithm, 

v 

is  also  easy  to  explain.  Let  V denote  the  value  of  the 
objective  functional  in  (26)  computed  by  the  headquarters 
planning  staff  at  the  k-th  iteration.  According  to  the  stopping 
rule  given  in  table  V-2,  the  search  for  a ’better'  (in  the 
sense  of  satisfying  the  constraints  in  (26)  and  at  the  same 
time  yielding  a greater  value  of  discounted  collective  ucility) 
ceases  either  if  the  value  of  the  objective  functional  changes 
by  less  than  some  predetermined  amount  c during  any  iteration 
or  if  some  predetermined  maximum  total  number  of  iterations, 

K,  have  been  performed.  The  latter  condition  is  needed  due 
to  the  possibility  that,  unless  certain  conditions  that  are 
discussed  below  are  met,  the  algorithm  may  fail  to  converge. 

The  algorithm  having  been  presented,  the  remainder 
of  this  subsection  deals  with  three  questions:  the  existence 
of  an  equilibrium  plan,  the  attainment  of  feasible  plans, 
and  the  convergence  of  the  planning  algorithm.  The  existence 
of  an  equilibrium  plan  is  assured  by  the  following  theorem. 
Theorem  V-7 

If  there  exists  an  optimal  solution  to  (26)  - i.e.  an  optimal 
plan  covering  the  period  0 ^ t < T - then  it  serves  as  an 
equilibrium  solution  for  the  planning  algorithm  in  table  V>2. 
Proof 

The  optimal  plan  must  satisfy  (29)-(42).  For  values 
of  the  decision  variables  satisfying  (29)-(42),  it  follows 
that  , etc.,  and  hence 

that  ■ V*.  Hence,  such  a set  of  values  for  the  decision 

variables  constitutes  an  equlllbrixim  plan.  Q.E.D. 
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It  should  be  noted  that  no  claim  can  be  made  as  to 

the  uniqueness  of  the  equilibrium  plan.  In  general,  uniqueness 

of  the  equilibrium  plan  requires  uniqueness  of  the  optimal 

solution  to  (26),  which  has  not  been  assumed  here. 

The  second  question  concerns  feasibility.  A desirable 

quality  of  planning  algorithms  Is  that  they  produce  feasible 

plans  during  Intermediate  cycles,  so  that  If  the  predetermined 

maximum  number  of  steps  has  been  reached  (say  due  to  slow 

convergence,  or  possibly  even  to  failure  to  converge),  the 

plan  produced  Just  prior  to  termination  will  at  least  be 

feasible.  In  connection  with  problem  (26),  the  main  concern 

Is  the  minimum  net  Income  constraint,  ir(t)  > tt  . Since 

— o 

the  shadow  price  \i ^ constitutes  a penalty  for  violating 
the  profit  constraint,  one  would  expect  that  Increasing 
would  eventually  lead  to  a feasible  plan,  provided  one  exists. 
This  Is  Indeed  the  case,  as  proved  In  the  next  theorem. 

Theorem  V-8 

Assume  that  and  f^,  1*1,  ...  , I,  are  strictly  concave. 

If  there  exists  a feasible  solution  to  (26),  and  If  at  any 

Iteration  of  the  planning  cycle  7r(t)  < ir^,  then  In  subsequent 

Iterations  iT(t)  Increases  monotonlcally  until  feasibility 

42 

has  been  achieved. 

Proof 

It  follows  from  (57)  that  p Is  strictly  Increasing, 
k-fl  k 

l.e.  p^  > p^  , when  x(t)  < ir^.  Hence,  the  theorem  will 
be  proved  If  It  can  be  shown  that  dir/dp^  > 0. 
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It  follows  from  (55)  that 


dir  I 3f.  dK.  I 3f^  dL 

dur  ” /Piair  - ‘*')dr  ^ 

3 1*1  i 3 1-1  1 3 


+ E 


df.  dA  . 1 di. 


a.  u . 

*1  p,i 


1=1  -^aA" 


«i  V . 

3^.  * ■ 


dM 

■ djj  “ dp  • 

3 3 

Given  the  concavity  of  U and  f^ , i = 1,  ...  , I: 
af.  dK.  * ^ 

^^iaK i = l I,  follows  from  (52) 

i ^3 

and  (32),  which  is  used  at  step  II 

af.  dL 

(Pj^-gjj^  - w)^^  >0,  i = 1,  ...  , I,  follows  from  (33) 

1 ^3 

(p^-g^j — - - s)  >0,  i = l,  ...  , I,  follows  from  (34) 

P,  i ^3 

aff  dA^  „ 

(p. — - - s) — >0,  i » 1,  ...  , I,  follows  from  (53) 

P.H 

and  (3S) 


< 0 follows  from  (38),  which  is  used  at  step  III 


< 0 follows  from  (39) 


Thus,  each  of  the  terms  in  (58)  is  strictly  positive,  and 
therefore  so  is  dir /dp  . C 


Q.E.D. 


Theorem  V-8  is  significant  not  only  because  it  demonstrates 
that  the  planning  algorithm  in  table  V-2  revises  infeasible 
plans  in  such  a way  that  net  Income  increases  (so  that  in 


w 


;f 


this  sense  the  revised  plan  is  'nearer  to'  feasibility  than 
the  previous  plan),  but  also  because  it  suggests  bow  the 
nonexistence  of  any  feasible  plan  may  be  detected.  That 
is,  if  u becomes  unboundedly  large,  then  this  might  indicate 

3 

the  lack  of  any  feasible  plan  (it  may  also  indicate  that  for 
some  time  t,  0 £ t ^ T,  the  maximum  attainable  level  of 
net  income  is  equal  to  or  marginally  less  than  tt^).  Specifically, 
theorem  V-8  leads  to  the  following  result. 

Corollary  V-8-1 

If  no  feasible  plan  exists,  then  for  some  t,  0 £ t £ T, 

If  k 

jj  (t)  -*•  “ as  k becomes  large.  Moreover,  Tr(t)  iT(t)* 

monotonically , where  ir(t)*  denotes  the  maximum  attainable 

level  of  net  income  at  time  t (and  ir(t)*  < 

The  third  question  concerning  the  planning  algorithm 

in  table  V-2  involves  convergence.  In  general,  convergence 

properties  are  very  difficult  to  assess.  Even  in  single  period 

planning  problems,  the  strict  concavity  of  the  objective 

function,  plus  additional  concavity/convexity  assumptions 

needed  to  ensure  that  the  planning  problem  is  a concave 

programming  problem,  must  be  supplemented  by  additional 

assumptions,  e.g.  concerning  the  size  of  the  adjustment 

parameter,  before  even  convergence  to  within  some  region 

43 

of  proximity  to  the  optimal  plan  can  be  proved.  In  spite 
of  this  difficulty,  a somewhat  weaker  stability  result  can 
be  proved. 

Theorem  V-9 

If  and  fj^,  i - 1 I,  are  strictly  concave,  then 

for  any  feasible  solution  to  (26),  the  levels  of  total  revenue, 
total  dividends  paid,  managerial  emoluments,  and  nonproductive 
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administrative  labor  will  vary  directly  with  regard  to  changes 


By  the  strict  concavity  of  and  f 
follows  from  (33)>(35),  (38),  (39) 


and  (53)  that  each  of 


the  terms  within  braces  In  (60)  Is  strictly  positive.  If 


it  can  be  shown  that  the  sum  of  the  last  two  terms  in  (60) 
is  positive,  or  at  least  small  in  absolute  value  if  it 


> 0 will  follow.  Consider  an 


then 


From  the  net  investment  constraint 


incremental  change  in  any  K 


dl  and  the  incremental  impact  on  dividends  is 


[(l-T)Pj^'g^  + Tq6]dKjj^  - qdl  = [(l-x 
By  (43)  and  (51), 


+ 6 - q/q)q  < q 


provided  r -»■  5 - q/q  < 1,  which  is  almost  always  the  case 

since  r 6 - q/q  is  the  firm's  pre-tax  cost  of  capital 

(expressed  as  a decimal).  Hence,  the  term  in  brackets  in 

« 

(61)  is  strictly  negative  (provided  r + 6 - q/q  < 1). 

From  (32)  and  the  concavity  of  U and  f . , 


so  that  (61)-(63)  imply  that  the  sum  of  the  remaining  terms 
in  (60)  is  at  worst  negative  but  small  in  absolute  value. 


Hence 


The  last  two  results 


follow  directly  from  (38)  and  (39),  respectively,  due  to 
the  assumed  concavity  of  U and  the  fj's. 


What  theorem  V-9  establishes  Is  that  the  planning 


algorithm  In  table  V->2  modifies  feasible  plans  In  a manner 
that  promotes  stability.  That  Is,  an  Increase  In  the  value 
of  any  of  the  four  objectives  In  (26),  as  measured  by  the 
value  of  the  appropriate  marginal  utility,  sets  In  motion 
changes  that  tend  to  lead  to  an  Increase  In  the  value  of 
the  particular  argument  of  at  the  next  Iteration.  Clearly, 
a systematic  tendency  to  cause  the  opposite  result  - l.e. 
a decrease  In  the  value  of  the  argument  - would  suggest  a 
failure  on  the  part  of  the  algorithm  to  produce  a convergent 
sequence  of  plans. 

This  subsection  has  presented  a multiperiod  finite 
horizon  planning  algorithm  that  could  be  used  to  determine 
the  optimal  Internal  allocation  of  productive  resources  for 
the  multldlvlslon  firm  modeled  In  (26).  It  was  shown  that 
an  equilibrium  plan  exists  for  the  algorithm  (theorem  V-7); 
that  when  an  Intermediate  plan  Is  Infeasible,  the  algorithm 
reallocates  resources  so  as  to  Increase  net  Income  and  thereby 
restore  feasibility  (theorem  V-8);  and  that  changes  In  the 
marginal  values  of  objectives  lead  to  resource  reallocations 
that  cause  corresponding  changes  In  the  values  of  the  respective 
argximents  of  the  collective  utility  function  (theorem  V-9). 

3.  Achieving  Compliance  with  Corporate  Objectives  In 
the  Decentralized  Multldlvlslon  Firm 

In  section  C and  again  In  the  previous  subsection 

It  was  assumed  that  the  firm's  productive  resources  were 

allocated  In  accordance  with  the  firm's  objectives,  as  embodied 

in  the  collective  utility  functions  U and  U To  the 

1 2 
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extent  that  the  goals  and  objectives  of  division  managers 
conflict  with  the  goals  and  objectives  of  top  managers  and 
shareholders,  it  was  implicitly  assumed  that  all  such  conflicts 


were  resolved  in  the  process  of  obtaining  U and  U , and 

1 2 

that  once  these  utility  functions  had  been  formulated  by 
the  firm's  board  of  directors,  division  managers  would 
accept  the  marginal  values  3U^/3R  and  3U^/3D  and  would  employ 
the  optimality  criteria  (32)-(35)  in  arriving  at  their  planned 
input  usage  levels.  Moreover,  the  planning  algorithm  in 
table  V-2  is  based  on  such  acceptance.  The  purpose  of  this 
subsection  is  to  suggest  what  may  happen  - i.e.  how  the  firm's 
internal  allocation  of  productive  resources  may  be  affected  - 
when  such  acceptance  fails  to  materialize. 

Suppose  that,  instead  of  employing  (32)-(35)  in 
step  II  in  the  planning  algorithm  in  table  V~2,  division 
managers  seek  to 

T 

maximize  / U^(R.(t),  ff.(t),  M.(t),  A„  . ( t ) )e"''^dt . (64) 

^fi'W'^,i'  0 i ^ i “'i 

^ P.H,“i' 

^n,i} 

That  is,  suppose  each  division's  management  has  some  control 
over  salary  levels,  so  that  M^(t)  > 0 is  possible,  and  some 
control  over  hiring  staff,  so  that  ^^(t)  > 0 is  possible; 
and  further  suppose  that  each  division's  managers  select  input 
usage  levels  so  as  to  maximize  their  own  discounted  collective 
utility.  According  to  (64),  the  1-th  division's  collective 
utility  at  each  time  t is  a function  of  the  division's  total 
revenue , 
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(65) 


RjCt)  - Pi(t).f^(K^(t),  4(t).  Ap  ^(t),  A^p  jj(t)), 

the  division's  net  income, 

- (l-T){Rj^(t)  - w(t)*Lj^(t)  - 8(t)[Ap^^(t) 

JL 

,i 


.rt 


+ A„^i(t)]-  M^(t)}  - K^(t) 

.rt 


(66) 


^2® 

" 3ir755  ^ ' 

and  the  division’s  managerial  emoluments,  llj^(t),  and  non- 
productive administrative  labor,  A ^(t). 

The  expression  for  total  revenue  (65)  is  the  same 
as  the  one  used  in  (26).  The  expression  (66)  for  the  division's 

net  ^^come  has  not  been  encountered  previously.  From  (51), 
u e 

SU ~/5L  equal  the  firm's  marginal  cost  of  capital  net 

of  tax  (for  time  t)  when  the  multidivision  firm  mode^^d 
in  (26)  is  in  equilibrium.  By  corollary  V-5-i, 
will  equal  the  firm's  marginal  cost  of  productive  headquarters 
administrative  labor  after  tax  (for  time  t)  when  the  multi- 
division firm  modeled  in  (26)  is  in  equilibrium.  Thus, 

(66)  assumes  that  division  managers  value  net  Income  after 
44 

tax,  rather  than  before  tax,  and  the  last  two  terms  in 

(66)  represent  the  division's  after  tax  costs  of  physical 

capital  and  productive  headquarters  administrative  labor,  ^ 

M e^'^ 

respectively.  From  a resource  allocation  standpoint, 

and  might  be  explained  as  internal  accounting  prices 

that  are  charged  against  the  division’s  revenue  for  the 

use  of  physical  capital  and  productive  headquarters  administrative 
45 

labor.  Collecting  (64)-(66)  and  recognizing  that  maximizing 
(64)  is  equivalent  to  maximizing  at  each  time  t,  it  is 


J 
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assumed  that  each  division  seeks  to 


maximize  (K. ,L. ,A  ^ ,A^  „);  (1-T){p.  x 

(Ki.Li.Ap  i,  1 1 1 1 P,i  P.H  1 

Vi"’  ‘ - -h  - “<*p,i  * ^o,i) 


u.e«  ^ .1 

“ “i^  ■ 3U*/3D  ^i  " 3U  /3D  ^ p,H’  “i ' ^n,i^  • 
1 1 


(67) 


subject  to  * ^1*  ^p  i'  ^ p H*  ^i * ^n,i  " ^ 


The  necessary  conditions  for  an  optimal  solution 

46 

to  (67)  are  the  following: 


Collectively  (68)-(73)  can  be  used  to  explain  what  Is  meant 
by  a loss  of  Internal  control  and  a loss  of  X-eff Iclency . 

In  particular,  (68)-(71)  can  be  compared  with  (32)-(35) 
to  determine  the  Implications  of  the  divisions'  seeking 
to  maximize  their  own  utility  levels,  and  (72)  and  (73) 
can  be  used  to  argue  that.  In  general,  M^(t)  > 0 and 


.(t)  > 0. 
n,  1 

It  Is  obvious  that  the  Input  usage  levels  determined 
using  (68)-(71)  will.  In  general,  differ  from  those  determined 
using  (32)-(35).  However,  a more  positive  result  can  be 
proved. 

Theorem  V-10 

li  e^*"  u e’^''  3U-"/3R.  31] 

Jl 


3U^/3R^  3U  /3R+(1-T)y  e*"^ 
3U  /3D 

i 


For  given  rents  and  , If  > 

where  the  elements  of  the  ratio  on  the  right  are  transmitted 
to  the  division  by  headquarters,  and  If  f^,  1*1,  ...  , I, 
are  strictly  concave,  then  the  division  following  rules 
(68)-(71)  will  employ  more  of  each  Input,  and  will  therefore 
produce  more  output  and  earn  greater  total  revenue,  than 
It  would  If  It  followed  (32)-(35). 

Proof 


M e 


rt 


Solving  (32)  and  (68)  for  gives 


3U‘/3R 

[1-T  + —r 
* • 


3f 

3U‘/3if^  *^1 


U e 
1 


rt 


"^Pl^  “ 3tl*/3l5  " Cl-r  ♦ 


30  /3R+(1-T)y  e**^ 

^ 3U73K * ^ 


(74) 


D 

Pl^  > 


where  3f^'/3K^  denotes  the  marginal  product  of  capital  when 
(32)  Is  used  to  determine  capital  Input  usage.  It  follows 
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from  (74)  that 


3U^/3Rj^  3U  /3R+(1-T)y 


(75) 


But  (75)  Implies  by  the  assumed  strict  concavity  of  that 


K.  > K ' , i.e.  that  capital  input  usage  is  greater  under 
(68)  than  under  (32)  for  given  • 

i 

The  same  procedure  applied  to  (33)  and  (69),  to 


(34)  and  (70),  and  to  (35)  and  (71)  - by  solving  for 

u e^^ 

’ “““  5^55  • respectively  - leads  to  analogous 

1 1 I 

results. 


By  the  above,  since  more  of  each  input  is  used,  more 
output  is  produced.  Given  constant  price  (or  in  the  more 
general  case,  a downward-sloping  demand  curve  and  positive 
marginal  revenue),  the  division's  total  revenue  is  greater 
when  it  applies  (68)-(71)  than  when  it  applies  (32)-(35), 
given  the  above  assumptions.  Q.E.D. 


Corollary  V-10-1 

Under  the  assumptions  stated  in  theorem  V-10,  if  one  or  more 

divisions  use  (68)-(71)  instead  of  (32)-(35)  in  determining 

input  usage  levels,  then  the  firm's  total  revenue  will  exceed 

the  level  consistent  with  (32)-(35). 

Theorem  V-11  . 

3U^/3M. 

As  long  as  — j > 1 - t for  some  Ma  > 0 and  as  long  as 

3V^/3A  auVaiTi 

— Sj-i  > s(1-t)  for  some  A . > 0,  then  the  i-th  division 

will  pay  strictly  positive  managerial  emoliunents  and  will 

hire  some  strictly  positive  amount  of  nonproductive  administrative 

labor. 
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Proof 


3U^/3M. 

(72)  implies  that  — t < (1-t)  must  hold  at  optimality. 

3U^/3iTj 

3U^/3M 

If  — T decreases  with  increasing  11.,  i.e.  if  the  ir.  - M. 

3U  /3ir^  ^ 


indifference  curves  have  the  standard  convex  shape,  then 


3U^/3I<. 

— q ^ > (1-t)  when  II.  ■ 0.  Therefore  II.  * 0 cannot  be 
3U^/3it^ 


optimal,  as  (72)  would  be  violated.  Hence  > 0. 

A similar  argument  applied  to  (73)  gives  > 0. 

Q.E.D. 


Corollary  V-11-1 

Under  the  assumptions  stated  in  theorem  V-10,  the  firm's 
collective  levels  of  managerial  emoluments  and  nonproductive 
administrative  labor  are  greater  under  (68)-(71)  than  under 
(32)-(35). 

Proof 

Theorem  V-11  and  (38)  and  (39).  Q.E.D. 

Corollary  V-11-2 

Under  the  assumptions  stated  in  theorem  V-10,  the  firm’s 
net  income  is  lower  when  one  or  more  divisions  employ  (68)- 
(71)  than  It  is  when  all  divisions  employ  (32)-(35).  As 
a result,  the  firm  sets  a lower  dividend  payout  D(t). 

Proof 

The  first  statement  follows  from  corollary  V-10-1, 
theorem  V-11,  and  corollary  V-11-1,  and  the  definition  of 


I 


the  flnn's  net  income  (55).  The  second  statement  then  follows 
from  (56).  Q.E.D. 


Theorem  V-12 

When  the  profit  constraint  in  (26)  is  not  binding  at  optimality, 
the  multidivision  firm  in  which  one  or  more  divisions  seek 
to  maximize  their  own  utility  will  have  greater  total  revenue 
and  will  have  greater  collective  levels  of  managerial  emoliunents 
and  nonproductive  administrative  labor,  but  will  earn  lower 
net  income  and  will  pay  smaller  total  dividends,  than  a multi- 
division  firm  of  the  type  modeled  in  (26). 

Proof 

When  the  profit  constraint  is  not  binding  at  optimality, 
• 0 by  (42).  Then  by  (46)  and  (51), 


3U^  - (l-T)s  and  - rq  + (1-T)q6  - q 


(76) 


at  optimality.  But  (76)  must  bold  for  firms  of  both  types. 
Hence,  the  conclusion  follows  by  corollary  V-10-1,  corollary 


V-11-1,  and  corollary  V-11-2. 


Q.E.D. 


The  significance  of  theorems  V-10,  V-11,  and  V-12 

is  that  the  divisions  may  exhibit  a revenue  preference  and 

an  expense  preference  relative  to  the  collective  preferences 

embodied  in  U in  a manner  analogous  to  the  revenue  preference 
1 

and  expense  preference  relative  to  the  preferences  of  shareholders 
exhibited  by  the  firm  modeled  in  (26).  The  required  condition 


3U*/3R.  3U  /3R+(1-T)y  e 


T 

i 


I 


1 


which  has  the  following  interpretation.  The  left-hand  side 
of  (77}  can  be  Interpreted  as  the  i-th  division's  marginal 
rate  of  substicution  between  revenue  and  net  Income.  The 
right-hand  side  of  (77)  can  be  interpreted  as  the  marginal 
rate  of  substitution  between  total  revenue  (adjusted  for  the 
impact  of  a change  in  revenue  on  minimiun  net  income)  and 
dividends.  When  (77)  holds,  the  i-th  division  can  be  said 
to  show  a preference  for  revenue  relative  to  net  income  (and 
indirectly  dividends)  that  exceeds  the  firm's  preference  for 
revenue  relative  to  dividends.  As  a result  of  the  firm's 
inability  to  enforce  its  preferences,  the  divisions'  use  of 
(68)-(71)  leads  to  greater  total  revenue.  If  somehow  the 
firm's  control  could  be  restored,  resources  could  be  reallocated 
in  accordance  with  Uj  and  a higher  level  of  discounted  collective 
utility  could  be  achieved. 

It  should  be  noted  that  if  the  inequality  in  (77) 
were  reversed,  the  divisions  would  underutilize  Inputs  and 
would  therefore  produce  too  little  output  and  earn  too  little 
revenue.  This  is  possible,  as  for  example,  when  the  firm's 
headquarters  has  designed  a compensation  scheme  that  attaches 
relatively  great  importance  to  net  income,  and  at  the  same 
time,  division  managers  are  motivated  to  a much  greater  extent 
by  income  considerations  than  by  enhanced  promotional  opportunities 
and  other  factors  associated  with  size,  staff,  etc.,  that  are 
held  to  be  the  traditional  sources  of  managerial  satisfaction. 
However,  in  view  of  the  discussions  in  section  A of  chapter 
one  and  in  section  G of  chapter  two,  it  is  the  opinion  of 
this  writer  that  the  case  discussed  earlier  in  this  subsection 
is  the  more  likely,  and  hence  the  more  interesting,  of  the 
two.  □ 
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Theorems  V-10,  V-11,  and  V-12  suggest  what  can  happen 
when  division  managers  exercise  some  degree  of  discretion. 

Moreover,  the  theorems  suggest  that  (provided  (77)  continues 
to  hold)  the  actual  behavior  exhibited  by  the  divisions  can 
vary  systematically  from  that  which  would  be  expected  by 
headquarters  on  the  basis  of  (32)-(35),  if  headquarters  had 
sufficient  information  with  which  to  determine  the  input 
allocations  consistent  with  maximizing  discounted  collective 
utility  at  the  firm  level.  But  such  information  may  be  very 
costly  and  time-consuming  to  obtain,  and  this  was  the  main 
Justification  for  introducing  the  decentralized  planning 
procedure  in  the  previous  subsection.  The  implication  is  that 
decentralized  multidivision  firms  may  systematically  exhibit 
X-inef f iciency  of  the  type  indicated  in  theorem  V-11,  namely, 
excessively  large  staffs  - staffs  that  are  excessive  even 
from  the  standpoint  of  the  firm's  collective  utility.  There 
may  be  organizational  slack  within  each  division,  as  well 
as  within  headquarters,  and  as  a result,  the  firm's  total 
labor  force  will  not  be  utilized  with  maximum  technical  efficiency. 

Having  demonstrated  the  possible  adverse  impact 
decentralization  may  have  on  the  efficiency  with  which  productive 
resources  are  allocated  and  utilized  within  the  firm,  the 
remainder  of  this  subsection  addresses  the  issue  of  how  head- 
quarters can  attempt  to  achieve  (greater)  compliance  on  the 
part  of  the  divisions  with  respect  to  corporate  objectives. 

It  is  assumed  that  (77)  holds.  Then  theorem  V-12  indicates 
that  revenue,  managerial  emoluments,  and  nonproductive  administrative 
labor  exceed,  while  net  income  and  dividends  fall  short  of, 
corporate  objectives  (i.e.  their  respective  collective  utility 
maximizing  levels). 


To  counter  the  tendencies  stated  in  theorem  V-12, 
the  firm  might  seek  to  centralize  control.  Pull  centralization 
would  be  impractical  in  very  large  organizations,  for  it  would 
wipe  out  the  very  advantages  for  which  the  multidivision 
form  of  organization  was  adopted.  Short  of  this,  headquarters 
could  do  the  following; 

- set  the  salary  levels  of  top  managers  in  each  division, 
and  rely  on  these  individuals  to  control  salaries  in  the 
lower  levels  of  the  division's  managerial  hierarchy,  thereby 
reducing  each 

- impose  an  upper  limit  on  total  direct  hiring  of  administrative 
labor  (those  individuals  who  might  fill  a nonproductive 


slot)  by  the  division, 

>/ 

If  nonproductive  staff  positions  could  be  identified,  they 


could  be  ordered  eliminated.  But  this  procedure  may  prove 


costly,  so  that  the  somewhat  weaker  approach  embodied  in 
(78)  may  have  to  be  adopted. 

- impose  a net  income  constraint  on  the  division, 

ir^(t)  ^ 

If  headquarters  sets  managerial  emoluments  for  each 
time  t,  ll^(t)  * Mj(t),  and  if  it  also  applies  to  each  division 
constraints  of  the  form  (78)  and  (79),  then  the  model  jf  a 
division  (67)  can  be  refoniulated  as  tie  following  mathematical 
programning  problem: 
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0 


o 


maximize  U^(p. ‘f . (K. ,L. , A . ,A^  );  (1  - T){p.  x 

{Kj^.L^.Ap  1 X 1 1 P,i  p.M  1 

^^p,H'\.i^ 

fi(Ki.  L,.  Ap  A^p  jj)  - w.L,  - s(Ap  , + A„  ,)} 


M e 


rt 


M e 


rt 


■ I K - — — i- 

r i ^ rv  *•  j »\  »T 


t*  ^r,  •«  ) • 


3U^/3D  “i  3U^/3D  " p,H'  “n,i' 


(80) 


subject  to  A^  . + A„  . < A. 

p,  i n , i — i 


(l-T){p^*f^(Kj^,Lj^,Ap^^,A  p jj)  - w - s(Ap  j^+Ajj 


)} 


rt  rt 

p e p e . 

-1 K - i 

••J  ^*T 


" &U’/SD  “^i  " 3Uj/3D  * p,H  - %,i 

where  the  nonnegativity  constraints  have  not  been  stated  and 

where  the  level  of  managerial  emoluments  set  by  management , 

^ ^1'  been  dropped  from  the  model. 

The  necessary  conditions  for  an  optimal  solution  to 
47 

(80)  are  the  following: 

,i  3f.  ^„i 


3U*  _ ""i  . .3U"  . , w/,  _x_  ""i  ‘'i 

JW^  Pi  * \){(1-T)p^  ^ - 3-uJ/si5 

”1  * <1^  * jjX 

ISj  Pi 


rt 

u e 

“ 0 


- w}  “ 0 

3f. 


- s)  - X - 0 
1 


«I,x  3f.  .„x  Oi.  M c 

ur  Pi  -.i  " (w7  * \)Ui-T)Pi  34  /st>^  * 0 

^ **"  pH  ^ r»  U > 


3f^  p e 
P.H 


rt 


(I—  + X )(-8(l-T))  + - X - 0 


3tt, 


n.i 


(Ai  - A„  . - A„  . )X  - 0 A„  ^ + A„  . < A.  X >0 
i P,1  n,l'  1 p,l  n,l  — 1 1 — 


(81) 

(82) 

(83) 

(84) 

(85) 

(86) 
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(it^(t)  - - 0 irj^(t)  > tTq  i 0 (87) 

Since  (81)-(87)  make  clear  that  the  policy  choices  of  the 

division  are  unaffected  when  the  constraints  in  (80)  are  not 

binding  at  optimality  - by  (86)  and  (87),  X = X » 0 and 

1 2 

(81)-(84)  reduce  to  (68)-(71),  respectively,  and  (85)  reduces 

to  (73)  when  A . > 0 - in  what  follows  it  is  assumed  that 
n , 1 

headquarters  has  selected  and  ir^  so  that  both  constraints 
in  (80)  are  binding  when  the  division  selects  its  optimal 
operating  policies. 

The  Lagrange  multipliers  X^  and  X^  serve  as  shadow 

prices  internal  to  the  division.  Since  X^  tends  to  Increase 

as  A.  decreases  and  since  X tends  to  increase  as  tt  . Increases, 

1 2 O » 1 

it  follows  that  the  headquarters  can  achieve  greater  compliance 

on  the  part  of  the  divisions  by  lowering  A^  ^ and  by  raising 

IT  ..  This  is  proved  as  the  following  theorem  and  corollaries. 

0,1 

Theorem  V-13 

If  and  fj^  are  strictly  concave  and  if  the  two  constraints 

in  (80)  are  binding  at  optimality,  then  the  division's  optimal 

usage  of  each  input  tends  to  decrease  as  the  net  income  objective, 

TT  . , is  increased  and  its  hiring  of  nonproductive  administrative 

0^1 

labor,  A .,  also  tends  to  decrease  as  the  hiring  ceiling, 
n I X 

, is  reduced . 

Proof 

To  prove  the  first  statement,  it  follows  from  (81) 
that  ® 
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dK,  dK,  dX 

1 _ 1 2 

Hrr  7 dX  diT^  . 

o, i 2 0,1 


{ } 


dX 


i 0,1 


< 0 , 

where  the  terms  within  braces  are  the  same^  as  In  (81). 
Analogous  results  follow  when  the  same  procedure  Is  applied 
to  (82)-(85). 

To  prove  the  second  statement.  It  follows  from  (85) 

that 


?;> 


-1 


dij  "3x7  dij  1454  ^ 


dX 


2r^ 


3^U^  dAj 

1* 
n,  1 


> 0 . 


37r . 


where  the  secondary  effect  on  the  net  Income  constraint  has 
been  Ignored.  Q.E.D. 

It  Immediately  follows  that 
Corollary  V-13-1 

By  Imposing  on  each  division  a minimum  net  Income  constraint, 

the  firm’s  headquarters  alters  each  division's  marginal  rate 

of  substitution  between  revenue  and  net  income  In  favor  of 

3U1-/31T . 

net  Income,  l.e.  tending  to  Increase  — i , and  by  imposing 

3U^/3Rj^ 

a constraint  on  the  hiring  of  administrative  labor,  the  firm's 

headquarters  alters  each  division's  marginal  rate  of  substitution 

between  net  income  and  nonproductive  administrative  labor 

3Ui/3ff^ 

in  favor  of  net  income,  l.e.  tending  to  Increase  — ^ 
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Proof 


It  follows  from  (81)  (and  similarly  from  (82)->(85)) 


that 

au^/aii^  + Pi«3fi/3Ki 

3U^/3R^  (l-T)Pj^*3f^/3Kj^  - M^e^^/(3Uy3D) 


3U^/3ii. 

> — T = , when  A > 0 . 

3U  /3R^  * 


Similarly,  from  (85), 

3U^/3it^  * 3U^/3ir^ 

3U^/3An  i - s(1-t)  3U^/3A^  ^ 


when  X > 0 and  X > 0. 
1 2 


Q.E.D. 


Corollary  V-13-2 

By  imposing  on  each  division  a constraint  on  the  hiring  of 
administrative  labor,  the  firm's  headquarters  alters  the 
optimal  mix  of  manufacturing  labor  and  productive  administrative 
labor  in  favor  of  manufacturing  labor,  l.e.  tending  to  increase 


- 1- 
Proof 

It  follows  from  (82)  and  (83)  that 

dL,  _ _ s , \ 

^p,i  w(l-T)(X^+3U^/3ir^)  • 


(88) 


provided  X^  >0. 

Corollary  V-13-3 

Imposing  a minimum  net  income  constraint  ir  . does  not  cause 
the  marginal  rates  of  technical  substitution  between  pairs 
of  Inputs  at  optimality  to  be  altered. 
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Proof 


Follows  from  (88)  and  from  analogous  optimality  conditions 
for  the  other  inputs  when  > 0.  Q.E.D. 

The  significance  of  theorem  V-13  and  corollaries  is 
that  the  headquarters  of  the  firm  can  push  the  divisions  toward 
compliance  with  corporate  objectives  by  Imposing  a hiring 
ceiling  on  administrative  labor  and  also  by  imposing  a net 
income  constraint  (theorem  V-13).  The  first  approach  Induces 
each  division  to  use  less  administrative  labor  by  imposing 
an  Implicit  tax  X^on  its  use  (corollaries  V-13-1  and  V-13-2). 

The  second  approach  also  encourages  a reduced  usage  level 
of  administrative  labor,  but  also  encourages  reduced  usage 
levels  of  the  other  Inputs  by  imposing  the  same  implicit 
proportional  tax  X^  on  the  use  of  each  input.  As  a result, 
marginal  rates  of  technical  substitution  at  optimality  are 
unaltered  (corollary  V-13-3). 

4.  Section  Summary 

This  section  has  explored  some  of  the  consequences 
of  decentralization  in  the  multidivision  firm  modeled  in 
(26).  First,  a planning  algorithm  for  the  firm  was  developed, 
and  several  Important  properties  of  the  algorithm  were  derived 
(theorems  V-7,  V-8,  and  V-9).  Second,  it  was  assumed  that 
division  managers  were  free  to  exercise  discretion  in  selecting 
input  usage  levels  and  that  they  sought  to  maximize  their 
own  utility.  Several  implications  for  the  efficiency  with 
which  the  firm's  productive  resources  are  allocated  within 
the  firm  were  explored  (theorems  V-10,  V-11,  and  V-12,  plus 
corollaries).  Third,  it  was  shown  that  one  possible  step 
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toward  achieving  compliance  on  the  part  of  the  divisions 
with  corporate  objectives  might  involve  the  imposition  of 
hiring  and  profit  constraints  on  the  divisions  by  headquarters. 
The  implications  of  such  constraints  for  the  behavior  of 
the  divisions  was  indicated  (theorem  V-13). 


E.  CHAPTER  SUMMARY 

This  chapter  has  extended  the  model  of  the  centralized, 
single  division  firm  developed  in  chapters  three  and  four 
of  this  thesis  to  incorporate  several  divisions  (and  several 
products)  and  to  permit  decentralized  decision-making.  The 
focal  point  of  the  chapter  was  the  development  of  a model 
of  the  multidivision  firm  (26)  and  the  use  of  that  model  and 
later  variants  of  it,  (67)  and  (80),  to  study  resource  allocation 
within  the  firm,  to  explore  the  consequences  of  decentralization 
when  division  managers  seek  to  maximize  their  own  utility, 
and  to  suggest  measures  that  might  be  taken  by  the  firm's 
headquarters  to  gain  greater  compliance  with  corporate  objectives 
on  the  part  of  the  firm's  divisions. 

In  section  B two  classes  of  labor,  manufacturing  labor 


and  administrative  labor,  were  distinguished  and  the  concept 
of  organizational  slack  was  introduced.  It  was  shown  that 
the  effect  of  a change  in  the  salary  level,  s,  on  the  firm's 
employment  of  nonproductive  administrative  labor  could  be 


expressed  in  the  form  of  a Hlcks-Slutsky-type  equation  (theorem 
V-1).  It  was  also  shown  that  the  degree  of  organizational 
slack  varies  systematically  over  the  business  cycle  (or  at 
least,  systematically  with  regard  to  the  state  of  the  firm's 
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Inamediate  operating  environment) (theorem  V-2). 

A model  of  the  multidivision  firm  (26)  was  formulated 
in  section  C.  In  the  model  each  division  acts  as  a quasi- 
firm, hiring  its  own  manufacturing  labor  and  productive 
administrative  labor  directly,  although  at  the  direction 
of  the  firm's  headquarters,  and  hiring  capital  and  productive 
headquarters  administrative  labor  from  the  firm's  headquarters. 

It  was  shown  that  in  equilibrium  the  firm  will  allocate  more 
of  each  input  to  each  division,  and  hence,  will  produce  more 
of  each  output  than  a short  run  profit  maximizer  (theorem 
V-3,  corollaries  V-5-2,  V-6-1,  and  V-6-2).  It  was  also  shown 
that  in  equilibrium  the  marginal  value  of  an  additional  unit 
of  physical  capital  will  be  the  same  for  all  divisions  and 
that  the  marginal  value  of  an  additional  unit  of  productive 
headquarters  administrative  labor  will  also  be  the  same  for 
all  divisions  (theorem  V-4),  and  further,  that  the  common 
(internal)  marginal  value  of  an  additional  unit  of  physical 
capital  will  equal  the  firm's  (external)  marginal  cost  of 
physical  capital  (theorem  V-6). 

The  consequences  of  decentralization  in  the  multidivision 
firm  were  explored  in  section  D.  First,  a multiperiod  finite 
horizon  planning  algorithm  was  developed  for  the  firm  modeled 
in  (26),  and  it  was  shown  that  an  equilibrium  plan  exists 
(theorem  V-7),  that  when  an  intermediate  plan  is  infeasible 

the  algorithm  iterates  toward  feasibility  (theorem  V-8),  

and  that  the  algorithm  exhibits  stability  in  the  sense  that 
resource  reallocations  occur  in  line  with  changes  in  the  relative 
marginal  valU'js  attached  to  corporate  objectives  (theorem  V-9). 
Second,  division  managers  were  permitted  to  seek  to  maximize 
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their  own  utility,  and  it  was  shown  that  the  divisions  could 
exhibit  revenue  and  expenses  biases  with  regard  to  corporate 
objectives  analogous  to  those  exhibited  by  the  firm  with 
regard  to  shareholders'  objectives  (theorems  V-10,  V-11,  and 
V-12,  plus  corollaries).  Third,  the  implications  of  two 
approaches  to  trying  to  achieve  greater  compliance  on  the 

part  of  divisions  with  corporate  objectives  were  derived 

\ 

(theorem  V-13). 

Taken  collectively,  this  chapter  and  the  two  that  precede 
it  have  dealt  with  three  areas  within  the  theory  of  the  firm 
that,  as  the  survey  of  the  literature  in  chapter  two  of  this 
thesis  indicates  clearly,  have  in  the  past  been  given  only 
superficial  treatment  in  the  theory  of  the  firm  literature. 

Chapter  three  modeled  the  behavior  of  the  firm  in  response 
to  systematic  changes  in  the  state  of  its  Immediate  operating 
environment  - i.e.  the  business  cycle.  Chapter  four  explored 
the  relationship  between  the  firm's  operating  policy  choices 
and  its  financial  policy  choices,  indicating  clearly  the 
fundamental  interrelationships,  and  did  so  within  a partial 
equilibrium  time-state-preference  model.  The  present  chapter 
modeled  internal  resource  allocation  and  demonstrated  several 
of  the  Important  implications  of  decentralization  for  the 
modern  firm. 

Chapters  three,  four,  and  five  constitute  the  author's 

basic  theoretical  model.  The  remainder  of  the  thesis  is  concerned 

\ 

with  an  application  of  the  model  within  the  institutional 
milieu  of  the  U.S.  airframe  industry.  The  representative 
airframe  builder  model  is  developed  in  chapter  seven,  and 
to  provide  the  necessary  background  discussion,  chapter  six 
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characterizes  the  major  airframe  builders;  describes  their 
rather  special  relationship  with  their  main  customer,  the 
U.S.  government:  and  discusses  how  these  firms  conduct  their 
short  term  and  long  term  planning. 
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21.  O.E.  Williamson,  Managerial  Discretion.  Organization 
Form,  op.  cit . . pp.  353-^54,  makes  the  same  point. 


22.  This  notion  of  nonproductive  administrative  labor  corresponds 
to  O.E.  Williamson's  notion  of  'slack  staff.  O.E. 

Williamson,  Corporate  Control  and  Business  Behavior. 

op.  cit. . ch . 4 . The  assumption  that  the  firm  employs 
individuals  in  staff  positions  who  are  completely  non- 
productive may  seem  extreme.  The  Important  point  is, 
as  Williamson  argues,  that  corporate  staffs  may  be 
increased  without  explicit  regard  for  the  potential 
contribution  to  production  of  those  hired.  Assuming 
that  the  productivity  of  such  individuals  is  zero,  rather 
than  some  small  positive  amount,  is  done  in  this  chapter 
only  lor  convenience. 

23.  Ibid. . pp.  51-52. 

24.  Rather  than  introduce  a separate  argiunent  of  Ui , the 
managerial  emoluments  argument  could  be  replaced  by  the 

sum  of  managerial  emoluments  and  nonproductive  administrative 
labor  expense,  M(t)  + s(t)*A  (t).  This  latter  approach 
assumes,  however,  that  the  marginal  rate  of  substitution 
between  managerial  emoluments  and  nonproductive  administrative 
labor  expense  is  always  equal  to  one.  Since  (3)  does 
not  involve  such  a restriction,  it  is  preferred  to  the 
alternative  formulation. 

25.  It  is  assumed  that  L,  K,  and  are  strictly  positive  at 
each  time  t along  each  variable's  optimal  trajectory 
since  each  contributes  positively  to  output.  It  is 
also  assvtmed  that  H is  strictly  positive  at  each  time 

t along  its  optimal  trajectory  since  the  possibility 
that  M(t)  « 0 at  some  time  t was  considered  in  chapter 
three. 
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26.  Recall  that,  by  assiimption,  the  amount  of  productive 

administrative  labor,  A„,  is  held  fixed. 

P 

27.  See,  lor  example,  O.E.  Williamson,  Managerial  Discretion. 
Organization  Form,  op.  cit. 

28.  In  this  section  and  the  next  it  is  assumed  for  convenience 
that  the  Investment  is  undertaken  at  the  headquarters 
level  and  that  the  firm's  stock  of  physical  capital  is 
allocated  among  the  firm's  divisions  at  each  time  t. 

This  is  more  Inclusive  than  merely  allowing  for  the 
allocation  of  investment  funds  - and  assuming  that  physical 
capital  is  purchased  at  the  division  level  - since  it 
allows  for  the  reassignment  of  plant  and  equipment  from 
one  division  to  another. 

29.  Both  and  ^ (l.e.  the  amounts  division  i is  permitted 
to  hire)  are  determined  at  the  headquarters  level. 
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30.  Note  that  since  there  is  just  a single  revenue  argument 

of  the  collective  utility  function  in  (26),  - 

3Uy3Rj,  i-1 I;  j*l,  ...  ,1.  That  is,  the 

marginal  collective  utility  of  revenue  is  the  same  for 
each  division  (product)  when  the  firm  is  in  equilibrium, 
or  equivalently,  in  equilibrium  the  marginal  rate  of 
substitution  between  revenue  earned  by  one  division  and 
revenue  earned  by  any  other  division  is  one.  Hence 
3U/3R  in  (32)-(35)  can  be  written  without  the  subscript 
i.  To  allow  for  the  value  of  diversification  - i.e. 
implying  marginal  rates  of  substitution  that  may  differ 
from  one  - separate  revenue  arguments  could  be  introduced 
into  the  collective  utility  function.  This  is  done  in 
the  representative  airframe  builder  model  formulated 
in  chapter  seven  of  this  thesis. 

31.  Ibid. . pp.  344-347. 

32.  Note  that  the  left-hand  side  of  (43)  is  identical  to 
the  right-hand  side  of  equation  (40)  in  chapter  three 
when  Mj  = 0.  Indeed,  in  obtaining  (40)  in  chapter  three 
it  was  assumed  that  the  profit  constraint  was  not  binding 
(i.e.  that  y = 0). 

3 

33.  (48)  implies  that  the  firm  modeled  in  (26)  will  allocate 
more  productive  headquarters  administrative  labor  to  each 
division  than  a short  run  profit  maximizer.  But  (48) 
must  hold  for  each  division,  and  since,  by  corollary 
V-4-2,  all  productive  headquarters  administrative  labor 
is  allocated  among  the  firm's  divisions,  the  firm  modeled 
in  (26)  actually  hires  more  productive  headquarters 
administrative  labor  than  a short  run  profit  maximizer. 


34. 

Heal, 

op. 

cit . . chs 

35. 

Ibid. 

36, 

Ibid. 

37. 

Ibid. 

, ch. 

4. 

38. 

Ibid. 

, pp. 

101-102. 

39. 

Ibid. 

, ch. 

3. 

40.  This  assumes  that  K(t)  arising  out  of  (54)  is  differentiable 
for  all  t,  0 < t < T.  Note  that  this  would  follow  if 

each  K.(t)  were  differentiable  for  all  t,  0 < t < T, 

This  latter  assumption  is  not  untenable  in  view  of  the 
standard  assumption  that  K(t)  is  differentiable  for  all 
t,  0 < t < T,  in  the  case  of  the  single  product  firm. 

41.  Ibid. , ch.  4. 

42.  This  assumes  that  K,  the  predetermined  upper  bound  on 
the  number  of  iterations,  is  large  enough  that  the  number 
of  Iterations  required  to  achieve  feasibility  can  be 
performed  before  the  algorithm  terminates. 


( 


43.  Ibid. . ch.  4;  and  H.  Uzawa,  "Iterative  Methods  for  Concave 
Programming, " In  K.J.  Arrow,  L.  Hurwlcz,  and  H.  Uzawa, 
eds . , Studies  In  Llney  and  Non-Linear  Programming 
(Stanford  University  Press;  Stanford,  Calli.;  idsS) , 
pp.  154-165. 


44. 


45. 


46. 

47. 


It  should  be  noted  that  what  follows  Is  not  affected  materially 
If  Tr.(t)  Is  defined  as  net  Income  before  tax,  rather 
than^after  tax.  As  long  as  t Is  constant,  as  assumed 
here,  the  necessary  conditions  and  the  resulting  expressions 
for  the  marginal  rates  of  substitution  between  pairs 
of  arguments  In  (64)  are  changed  only  slightly.  However, 
since  (32)- (35)  are  expressed  net  of  tax,  the  comparisons 
made  below  are  somewhat  more  straightforward  when  ir^(t) 

Is  defined  net  of  tax. 


rt 
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That  Is,  and  35'"/3b  rents  established  by 

the  headquarters  management.  The  use  of  these  prices, 
or  rents,  was  not  discussed  previously,  though  this 
Interpretation  Is  consistent  with  the  model  formulated 
In  section  C and  with  the  planning  algorithm  presented 
In  the  previous  subsection.  These  prices  would  be 
charged  against  the  division’s  revenue  at  each  Iteration 
of  the  planning  cycle,  although  no  transactions  would 
take  place  until  the  final  plan  had  been  agreed  upon. 

Only  the  possibilities  that  M.(t)  = 0 or  A^  ^^(t)  “ 0 
are  economically  Interesting  ^here.  ’ 

(81)-(85)  follow  from  differentiating  the  Lagranglan 

A^(A^  - Ap  - Ajj  ^)  + A^(7r^(t)  - 


In  addition,  there  are  the  two  constraints  In  (80), 
which  for  brevity  are  not  repeated.  (86)  and  (87)  are 
the  appropriate  Kuhn-Tucker  conditions  for  the  constraints 
In  (80). 
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I VI.  A DESCRIPTION  OF  THE  INTERNAL 

PLANNING  PROCESSES  OF  THE  MAJOR 
I U.S.  MILITARY  AIRFRAME  BUILDERgl^ 

A.  INTRODliCTICMJ 

Over  the  last  five  years  many  articles  have  appeared  in  the 

business  literature  describing  the  problems  that  In  recent  years 

have  plagued  the  United  States  aerospace  Industry,  and  In  partlc- 

2 

ular,  the  major  military  airframe  builders  - the  nine  firms 
listed  In  Table  VI-1  that  serve  as  prime  contractors  for  the  pro- 
duction of  the  tactical,  bomber,  and  support  aircraft  used  by  the 
^ Air  Force,  the  Marine  Corps,  and  the  Navy  to  carry  out  their  re- 

spective missions.  There  have  been  reports  of  an  Impending  shake- 
out of  makers  of  tactical  planes,  due  mainly  to  the  apparent  re- 
duction In  the  number  of  contracts  for  new  military  tactical  alr- 
3 

craft.  A prolonged  slump  In  defense  spending  for  weapons  systems 

procurement  that  began  In  1970  and  the  political  debate  over  the 

future  of  the  B1  bomber  program  that  delayed  - and  still  threatens 

to  put  an  end  to  - Its  production  placed  added  pressure  on  the 

4 

stability  of  the  Industry.  In  addition,  commercial  aircraft  sales 
fell  dramatically  as  airline  passenger  traffic  leveled  off,  ^ pre- 
cipitating a financial  crisis  for  one  of  the  three  major  producers 
of  both  commercial  and  military  aircraft.  ^ 


More  recently,  the  1976  national  elections  and  the  well-publicised 
upturn  In  real  defense  spending  that  began  the  same  year  have  drawn 
the  attention  of  not  only  the  business  conainlty,  but  also  the  public  , 


c 


Table  VI-1  Profile  of  che  Nine  Major  Alrfraae 
Builders  by  Major  Military  Program 


r' 

Company 

Boeing 

Fairchild 
General  Dynamics 
Grumman 

I 

Vought  (LTV) 
Lockheed 

^ McDonnell  Douglas 

i ( 

Northrop 

L Rockwell 


1 

Military  Aircraft  in  Production 

2 

E-3  (airborne  command  and  control) 
Advanced  Airborne  Comnand  Post  ^ 

A-10  (attack) 

F-16  (fighter) 

E-2  (radar) 

A-6  (attack)  / EA-6  (radar) 

F-14  (fighter) 

A-7  (attack) 

C-130  (transport) 

S-3  (antisubmarine) 

P-3  (antisubmarine) 

F-A  (fighter) 

F-15  (fighter) 

A-A  (attack)  ® 

F-18  (fighter)  « 

F-5  (fighter-trainer)  ® 

F-18  (fighter)  ® 

B-1  (bomber) 


1.  Or  soon  to  go  into  production. 

2.  Uses  the  Boeing  707  airframe. 

3.  Uses  the  Boeing  7A7  airframe. 

A.  Total  deliveries  of  approximately  5000  aircraft. 

5.  Total  deliveries  of  approximately  3000  aircraft. 

6.  The  F-18  will  be  produced  jointly  by  McDonnell  Douglas  and  Northrop. 

Sources:  Company  Form  10-K  reports  for  company  fiscal  year  1975 
submitted  to  the  Securities  and  Exchange  Commission. 
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to  the  defense  Industry  - those  firms  that  produce  the  mapons  systems 
on  which  the  nation's  defense  depends.  More  Importantly,  the  turn'- 
about  In  defense  spending  has  brightened  the  general  outlook  for  the 
aerospace  Industry  considerably,  ^ New  arms  programs,  such  as  the 
F-16  to  be  produced  by  General  Dynamics  and  the  F-18  to  be  produced 
jointly  by  McDonnell  Douglas  and  Northrop,  have  meant  that,  for  some 
aerospace  firms  at  least,  the  future  looks  very  bright.  For  others, 
however,  the  trend  toward  longer  production  runs  and  fewer  contracts 
threatens  their  continued  existence  as  prime  contractors.  Indeed,  In 
the  absence  of  a sufficient  number  of  new  programs,  a shakeout  will 
occur  and  the  victims  will  be  forced  to  Increase  foreign  sales  or 
to  work  as  subcontractors,  or  else  to  drop  out  of  the  aircraft  end  of 
the  aerospace  business  altogether. 

The  next  section  describes  these  and  several  other  problems  that 
confront  the  major  airframe  builders,  and  In  particular,  how  the 
uncertainties  concerning  the  future  state  of  product  market  demand, 
future  resource  availabilities  and  costs,  etc.,  that  all  firms  face 
arc  compounded  by  the  technological  uncertainties  that  result  from 
having  to  push  the  state  of  the  art  each  time  a new  weapons  system 
Is  developed,  and  In  addition,  by  a dwindling  number  of  contracts 
from  its  principal  customer  > the  Department  of  Defense  - that  threa- 
tens several  firms'  survival  as  prime  contractors.  In  such  a business 
environment,  the  need  for  effective  corporate  planning  to  somehow 
deal  with  these  uncertainties  Is,  In  the  opinion  of  this  writer,  crit- 
ical. The  development  of  a new  weapons  system  normally  requires 
several  years  or  longer  from  conception  to  production.  In  addition. 
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the  f inane lei  reaources  necessary  to  support  the  research  and  de> 
velopnent  effort  are  scarce  - even  though  the  Departaent  of  Defense 
does  provide  partial  financial  assistance  through  the  distribution 
of  Independent  research  and  developnent  (hereafter  referred  to  as 
IR&D)  funds  and  In  recent  years  has  denonstrated  a willingness  to 

g 

fund  developnent  prograsw  on  a cost-plus  basis.  For  these  rea- 
sons It  Is  necessary  that  these  fins  er^rclse  particular  care  and 
forethought  In  allocating  their  scarce  financial  resources.  Just 
as  Important,  each  of  these  firms  must  also  allocate  its  highly 
skilled  design  and  engineering  talent  among  existing  and  proposed 
future  projects.  In  each  case  the  problem  confronting  the  fin's 
managers  is  one  of  deciding  how  best  to  allocate  the  fin's  re- 
sources to  meet  their  own  objectives  and  the  objectives  of  the  fin's 
9 

shareholders. 

The  purpose  of  this  chapter  Is  to  provide  a description  of  the 
long  ten  and  short  ten  planning  proceases  of  the  nine  major  mili- 
tary airframe  builders  in  the  United  States.  The  focal  point  for 
the  discussion  Is  how  these  planning  processes  are  designed  to  en- 
sure an  allocation  of  the  fin's  fixed  and  variable  resources  that 
Is  consistent  with  the  fin's  goals  and  objectives.  Section  C sets 
out  the  general  objectives  the  major  airframe  builders  seek  to  ac- 
complish when  they  plan  their  long  ten  strategies  and  annual  opera- 
tions. Sections  D through  F discuss  In  broad  terms  the  Internal 
planning  processes  of  these  firms.  This  description  forms  the 
basis  for  the  planning  model  of  the  representative  airframe  builder 
formulated  In  the  next  chapter. 
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The  description  represents  a synthesis  of  these  firms'  planning  pro'- 
cedures,  rather  than  an  attempt  to  describe  with  perfect  accuracy 
how  any  one  firm  planst  Though  there  are  certain  differences  In  how 
these  firms  plan,  these  differences  are.  In  the  opinion  of  this 
writer,  differences  of  detail  rather  than  of  substance,  and  there 
Is  sufficient  commonality  In  the  ways  these  firms  plan  to  Justify 
the  synthesis  attempted  here.  Section  G,  which  describes  the  cor- 
porate review  process  that  follows  the  planning  processes  and  Sec- 
tion H,  which  presents  the  sumary  and  conclusions  complete  the 
chapter, 

Before  proceeding  to  the  discussion  of  planning.  It  nay  prove 
helpful  to  the  reader  to  provide  an  overview  of  the  major  military 
airframe  builders:  their  distinguishing  characteristics,  the  pe- 
culiar problems  they  fsce,  and  their  rather  special  relationship 
with  their  main  customer,  the  Department  of  Defense  (hereafter  D(W). 
This  ^s  the  purpose  of  the  next  section. 

B.  AM  OVERVIEW  OF  THE  MINE  MAJOR  MILITARY  AIRFRAME  BUILDERS  IN  THE 
UNITED  STATES 

1.  Introduction 

The  United  States  aerospace  Industry  Is  composed  of  approxi- 
mately SO  major  manufacturing  firms  together  with  hundreds  of 
other  smaller  firms  that  produce  parts  and  auxiliary  equipment. 

The  Industry  Is  a larga  contributor  to  the  nation's  output  and  em- 
ployment. During  1975  aerospace  sales  made  a direct  contribution 
to  gross  national  product  of  1.9  percent,  and  accounted  for  2.6 
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percent  of  all  nanufacturlng  sales  and  5.4  percent  of  durable  goods 
12 

production.  Aerospace  enployment  during  1975  averaged  942,000 

workers,  or  approxlaately  1.5  percent  of  total  civilian  eBployaent 

13 

and  5.1  percent  of  total  enployment  In  manufacturing.  Also 
during  1975,  U.S.  aerospace  firms  ning  up  a record  trade  surplus 
of  $7  billion,  or  approxlaately  75  percent  of  the  total  U.S.  trade 
surplos. 

The  output  of  the  aerospace  Industry  consists  chiefly  of  air- 
craft, missiles,  space  systems,  parts,  and  auxiliary  equipment.  Of 
these  products,  civil  and  military  aircraft  account  for  nearly  55 
percent  of  the  Industry's  output.  Of  all  the  firms  In  the  aero- 
space Industry,  there  are  nine  - Boeing,  Fairchild,  General  Dynamics, 
Grumman,  LTV,  Lockheed,  McDonnell  Douglas,  Northrop,  and  Rockwell  - 
that  serve  as  the  prime  contractors  for  all  of  the  major  tactical, 
bomber,  and  support  aircraft  used  by  the  military.  In  addition, 
three  of  the  nine  - Boeing,  Lockheed,  and  McDonnell  Douglas  - 
are  the  principal  producers  of  large  commercial  aircraft  In  the  United 
States. 

Turning  to  the  buying  side,  during  1975  the  federal  government 

purchased  nearly  60  percent  of  the  aerospace  Industry's  output,  and 

over  the  last  decade,  the  federal  government's  share  of  the  Industry's 

18 

output  has  reached  as  much  as  74  percent.  This  dependence  on 

government  sales  makes  aerospace  production  susceptible  to  large  swings 

In  the  level  of  governsMnt  demand,  as  national  policy  and  economic 
19 

conditions  change  and  as  the  nation  experiences  alternating  periods 

of  war  and  peaca.  In  addition,  the  business  cycle,  as  It  affects 
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national  dlapoaable  incooe  and  the  deaand  for  coiawrclal  airline 
travel,  causes  fluctuations  in  the  demand  for  coassercial  aircraft. 

Vfhen  the  two  cycles  coincide,  as  they  have  in  recent  years,  output 

21 

and  employment  within  the  aerospace  industry  can  fall  dramatically. 

The  remainder  of  this  section  characterizes  the  nine  major  mili- 
tary airframe  builders  and  explores  the  awjor  risks  associated  with 
these  firms'  heavy  dependence  on  a single  customer. 

2.  Size  and  Diversification 

The  nine  major  military  airframe  builders  are  large  multi- 
product cooipanies  whose  sales  are,  in  general,  heavily  weighted  to- 
ward aerospace  products.  There  are,  however,  important  differences 
in  Che  extent  to  which  these  companies  have  diversified  away  from 
the  aerospace  business. 

Table  VI-2  provides  a profile  of  the  nine  firms  according  to  the 
1975  sales  of  each  and  Che  value  of  new  military  contracts  von  by 
each  during  fiscal  year  1975.  Eight  of  Che  nine  firms  are  among  the 
500  largest  Industrial  corporations  in  the  United  States,  as  ranked 
according  to  annual  sales  by  Fortune  magazine.  The  ninth  largest, 
Fairchild  Industries,  falls  within  the  upper  rsnge  of  the  second  500 
Isrgsst,  Six  of  the  firms  sre  among  the  100  largest.  VIhat  the  table 
does  not  show  is  that  saveral  of  the  firms  have  experienced  some  slip- 
page in  thei^  rankings  since  1970  due  to  a shrinkage  in  orders  for 

22 

military  and  commercial  aircraft.  Hevertheless , these  firms  re- 
23 

main  large,  and  one  would  expect  that  they  face  problems  of  organ- 
ization and  control  similar  to  those  faced  by  other  large  firms. 
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Table  VI-2  also  Indicates  where  the  nine  firms  fall  In  relation 
to  the  other  firms  that  make  up  the  list  of  Che  Cop  100  DOD  contrac- 
tors. Five  of  the  top  six  DOD  contractors  are  airframe  builders, 

and  Che  nine  major  airframe  builders  all  fall  within  the  Cop  34  DOD 
24 

contractors.  The  nine  firms  collectively  accounted  for  almost 

25  percent  of  new  military  contracts  awarded  during  fiscal  year  1975. 

It  Is  apparent,  then,  that  how  well  these  firms  plan  and  conduct  their 

operations  will  be  of  considerable  Interest  to  DOD.  Not  only  Is  DOD 

one  of  Che  biggest  buyers  of  the  products  of  each  firm,  but  also, 

each  firm  Is  among  DOD's  largest  suppliers  of  durable  goods. 

Table  VI-3  shows  how  the  sales  of  each  of  the  nine  companies  are 

distributed  among  aircraft,  missiles  and  space,  and  non-aerospace 

product  lines.  Four  companies  - Boeing,  Fairchild,  Grumman,  and 

HcDonnell  Douglas  - derive  at  least  80  percent  of  total  revenue  from 

Che  sale  of  aircraft,  engines,  parts,  and  auxiliary  equipment,  and 

these  four  companies,  as  well  as  Lockheed,  each  earn  at  least  90 

percent  of  total  revenue  from  the  sale  of  these  Items  and  missiles 

and  space  equipment.  For  these  five  firms,  non-aerospace  production 

constitutes  a relatively  small  part  of  the  firm's  total  operatlonn. 

In  contrast.  General  Dynamics,  LTV,  Northrop,  and  Rockwell  appear 

much  less  dependent  on  aerospace  sales,  with,  for  example,  the  sale 
I 

of  aerospace  products  amounting  to  only  12  percent  of  LTV's  1975  sales. 
However,  even  though  the  percentage  contribution  of  aerospace  sales 

I 

may  be  relatively  smell,  large  variations  In  the  level  of  such  sales 
might  still  have  a significant  Impact  on  the  firm's  profit  and  loss 
i ststsment  and  on  Its  balance  sheet.  At  the  opposite  end  of  the 
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spectrum.  If  a firm  derives  8Q  percent  or  more  of  its  revenue  from  the 
sale  of  aircraft  and  related  parts  and  equipment,  then  the  performance 
of  the  company  Is  highly  sensitive  to  variations  In  the  demand  for 
aircraft.  For  such  firms,  this  greater  dependence  on  sales  of  air- 
craft makes  the  need  for  a planning  organization  that  can  cope  vlth 
the  cyclical  fluctuations  Inherent  in  the  demand  for  coomerclal  and 
military  aircraft  all  the  more  pressing. 

The  picture  of  the  major  airframe  builders  that  has  emerged  thus 
far  is  one  of  large  firms  that  have  diversified  away  from  aerospace 
production  to  varying  degrees,  but  that  are  still  very  much  depen- 
dent for  their  overall  success  on  the  success  of  their  aerospace 
operations.  The  next  two  subsections  discuss  the  Important  character- 
istics of  the  aerospace  research  and  development  process  and  the 
aircraft  production  process  and  suggest  several  Important  implica- 
tions for  the  internal  planning  processes  of  the  major  airframe 
builders, 

3.  Aerospace  Research  and  the  Aircraft  Development  Process 

It  is  a characteristic  of  the  aerospace  industry  that  each 
new  product  pushes  the  state  of  the  art.  Whether  the  new  product 
is  a new  military  fighter  aircraft  capable  of  reaching  greater  speeds 
and  carrying  heavier  payloads  than  its  predecessors  or  a new  commer- 
cial passenger  jet  that  can  achieve  greater  fuel  economy  while  meeting 
more  stringent  noise  standards,  the  development  of  the  aircraft  re- 
quires the  expenditure  of  large  sums  of  money  for  highly  skilled  sci- 
entific and  engineering  talent.  Usually  these  expenditures  must  be 
spread  over  a long  period  of  time  before  the  aircraft  is  ready  for 
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production.  Often  seven  to  10  years  - and  sometimes  even  longer  - 

25 

will  elapse  between  program  Initiation  and  completion. 

The  long  and  expensive  research  and  development  process  has  Im- 
portant implications  for  the  aerospace  Industry  In  general  and  for 
the  major  airframe  builders  in  particular.  First,  the  Industry  Is 

I labor-intensive,  employing  as  many  salaried  workers  as  production 
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workers.  In  1975  the  U.S.  aerospace  industry  employed  nearly 

20  percent  of  all  U.S.  scientists  and  engineers  engaged  In  research 

and  development,  and  at  times  this  percentage  has  been  as  high  as 

30  percent.  These  scientists  and  engineers  and  the  knowledge  and 

experience  they  possess  constitute  a valuable  capital  resource,  the 

efficient  allocation  of  which  Is  critical  to  each  firm's  overall 
27 

performance.  It  Is  of  some  concern  to  corporate  planners,  then, 
that  major  programs  be  time-phased  In  such  a way  that  the  firm's 
scientific  and  engineering  talent  can  be  kept  fully  employed  In 
jobs  requiring  their  skills. 

A second  Implication  of  the  special  character  of  the  research 
and  development  process  In  the  aerospace  Industry  Is  that  large 
sums  of  money  capital  must  be  raised  In  order  to  finance  the  re- 
search and  development  process.  For  example,  the  production  of  a 
new  commercial  Jet  might  require  as  much  as  $2  billion  In  research 

and  development  and  Initial  production  costs  before  the  firm  begins 
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to  recover  its  Investment  - a sum  that  far  exceeds  the  net  worth 

29 

of  any  of  the  commercial  airframe  builders.  The  financial  pres- 
sures these  firms  face  are,  however,  mitigated  to  a great  extent  by 
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government  funding  of  IR&D,  by  develojnnent  contracts  that  are  typ- 
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Ically  awarded  on  a coat-plus-fee  basis,  and.  In  the  case  of 
coomerclal  aircraft  development,  by  the  spillover  effects  of  research 
funded  at  least  in  part  by  IR&D  money.  Indeed,  the  aerospace  in- 
dustry is  an  anomaly  among  U.S.  Industries  due  to  the  extent  to  which 
the  government  — mainly  through  DOD  and  NASA,  although  the  latter  has 

diminished  In  Importance  rapidly  in  recent  years  as  the  total  space 
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effort  has  wound  down  - finances  Its  research  and  development. 

As  an  example  of  the  importance  of  government  funding,  Lockheed 
Aircraft  Corporation  spent  $52.8  million  of  its  own  funds  on  research 
and  development  during  1975,  but  received  more  than  $480  million 

from  DOD  for  defense-related  research  and  development,  testing,  and 
32 

evaluation. 

A third  implication  of  the  special  nature  of  the  aerospace  in- 
dustry's research  and  development  process  is  the  risks  - technological, 
financial,  and  otherwise  - Inherent  in  expending  large  sums  of  money 
on  new  products  that  push  the  state  of  the  art  and  that,  in  the  case 
of  new  weapons  systems,  will  lead  to  actual  production  only  if  the 

proposed  weapons  system  (l.e.  the  prototype)  survives  a winner-take- 
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all  competition  for  the  right  to  go  into  production.  As  far  as 

research  and  development  per  se  is  concerned,  the  main  risk  is  that 

associated  with  technological  uncertainty,  namely,  whether  the  firm 

will  be  able  to  make  the  required  advances  in  the  state  of  the  art 

within  a 'reasonable*  period  of  time  and  at  a 'reasonable'  cost  in 
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accordance  with  its  contract. 

A fourth  Implication  of  the  special  character  of  the  industry's  I 


research  and  development  process  is  Chat  Che  length  of  the  process 
often  makes  It  necessary  for  the  firm's  planners  to  look  well  be- 
yond the  five-year  outlook  provided  by  the  Five  Year  Defense  Plan 
in  order  to  determine  how  Co  allocate  defense-related  research 
and  development  funds.  While  some  guidance  is  provided  by  the 
projects  on  which  DOD  will  permit  IR&O  funds  to  be  spent,  the 
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airframe  builders  cannot  rely  on  this  source  of  information  alone. 
Moreover,  for  commercial  markets  there  is  nothing  akin  to  a Five 
Year  Defense  Flan.  Hence,  planning  the  allocation  of  research  and 
development  funds  necessitates  projections  of  military  and  com- 
mercial needs  in  Che  next  decade  and  beyond,  and,  needless  Co  say, 
these  projections  Involve  a high  degree  of  uncertainty.  Coping 
with  such  uncertainty  requires  corporate  planners  to  make  certain 
adjustments  in  the  %my  they  plan,  and  these  adjustments  are  dis- 
cussed below  in  Section  E. 

This  subsection  has  discussed  the  research  and  development 
requirements  Chat  underlie  aircraft  production  and  some  of  the 
important  Implications  of  the  nature  of  this  process  and  for  each 
of  Che  firm's  planners.  The  next  subsection  takes  a look  Inside 
these  firms  at  the  aircraft  production  process  and  at  what  the 
nature  of  this  process  implies  for  corporate  planners. 

4.  The  Aircraft  Production  Process  and  Che  Learning  Curve 

It  has  long  been  recognized  by  aeronautical  engineers  that 
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airframe  production  is  characterized  by  a learning  process.  As 
Che  total  number  of  airframes  produced  of  a particular  type  Increases, 
Che  direct  labor  input  - the  number  of  man-hours  of  labor  per  airframe 
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dlnlnlshes. 
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This  is  due  to  Che  fact  Chat,  as  Che  airframe  la 


put  together.  Items  such  as  hydraulic  systems,  fuel  lines, 
electrical  wiring,  and  avionics  gear  must  be  Installed  by  hand 


the  total  number  of  airframes  increases,  the  production  workers  who 


Install  these  Items  become  more  proficient  - the  experience  gained 


on  previous  airframes  has  taught  them  what  goes  %rhere,  so  that  air- 
craft dra%rlngs  need  not  be  consulted  as  often  as  on  earlier  air- 
frames, and  has  also  Caught  them  the  best  order  In  idtlch  to  install 


the  various  It 


Studies  of  airframe  production  have  revealed  the  shape  of  the 
learning  curve.  The  typical  learning  curve  is  what  is  called  an 
'80  percent  curve'  , which  means  that  every  time  airframe  production 
is  doubled,  the  direct  labor  Input  per  airframe  declines  by  20  per- 
cent, or  equivalently,  falls  to  80  percent  of  what  It  %ms  before  pro- 
duction doubled.  Such  a curve  la  shown  below  In  Figure  VI-1,  trhere  It 


has  been  assumed  that  the  first  airframe  requires  a direct  labor  In 


put  of  8,000  man-hours 


8000  man-hours  at  airframe  no.  1 


eooc 


6400  man-hours  at  airframe  no.  2 


6000 


5120  man-hours  at  airframe  no.  4 

4096  man-hours  at  airframe  no.  8 


sooo 


3000 


18*6  man-hours 
at  airframe  no.  100 


Cumulative 
Aircraft  Output 


Figure  VI-1  80  Percent  Learning  Curve 


It  should  be  emphasized  that  the  learning  curve,  and  the  process 
of  learning  by  doing  that  it  embodies,  applies  to  all  airframes  sin- 
gly. Each  completely  new  airframe  requires  that  the  learning  pro- 
cess begin  anew.  This  is  one  reason  why  corporate  planning  within 
the  major  airframe  builders  proceeds  on  a more  or  less  airframe- 
by-alrframe  basis.  This  point  is  developed  further  in  later  sections. 

The  existence  of  the  learning  curve  has  several  important  im- 
plications for  corporate  planners  in  addition  to  the  one  just  men- 
tioned. First,  the  fall  in  the  direct  labor  input  per  airframe  means 
that,  barring  major  design  changes  that  seriously  disrupt  the  learn- 
ing process  or  a surge  in  Inflation  that  sharply  increases  the  cost 
of  labor  and  other  Inputs,  both  the  marginal  fly-away  cost  and  the 

average  fly-away  cost  of  a particular  type  of  aircraft  tend  to  fall 
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as  the  cumulative  nusd>er  of  units  produced  Increases.  This 
would  imply  that,  from  a cost  standpoint  at  least,  it  is  more  eco- 
nomical to  have  a smaller  variety  of  aircraft  in  order  to  derive 
maximum  benefit  from  the  learning  curve.  Thus,  it  might  be  argued 
that  producing  a common  lightweight  fighter  aircraft  that  meets  the 
needs  of  both  the  Navy  and  the  Air  Force,  rather  than  producing  a 
different  airplane  for  each,  would  enable  the  government  to  take 
maximum  advantage  of  the  learning  curve.  It  should  be  emphasized 
that  such  commonality  can  prove  to  be  more  cost-effective  (rather 

than  simply  less  costly)  only  if  a compromise  design  that  will 
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effectively  satisfy  each  service's  needs  proves  feasible. 

Second,  the  existence  of  a learning  curve  makes  it  Impractical 
for  the  Department  of  Defense  either  to  have  more  than  one  firm 
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build  a particular  type  of  aircraft  or  to  switch  contractors  once 

production  has  begun.  In  the  first  case,  the  full  benefits  of  the 

learning  curve  could  not  be  derived  (l.e.  for  any  given  budget, 

fewer  aircraft  would  be  produced),  and  In  the  second  case,  the  new 

contractor  would  have  to  begin  at  the  top  of  the  learning  curve 

and  a portion  of  the  overall  cost  savings  that  had  previously  bean 

possible  would  have  to  be  sacrificed.  Thus,  by  Che  tlae  an  airframe 

builder  has  won  the  Initial  production  contract,  there  Is  no  longer 
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any  effective  competition  on  the  selling  side  of  the  market,  and 
the  government -contractor  relationship  becomes  one  of  bilateral 

A 

monopoly.  The  significance  of  this  Is  explored  further  below. 

Third,  Che  learning  curve  gives  rise  to  a special  problem  for 
the  producers  of  commercial  aircraft,  which  are  typically  fixed- 
priced.  Before  fixing  the  price  and  announcing  the  price  to  the 
commercial  airlines,  the  producer  must  make  a careful  assessment 
of  the  likely  future  demand  for  his  product,  for  the  lower  Is  the 
price,  the  greater  is  the  number  of  planes  ti'St  must  be  sold  before 
the  break-even  point  Is  reached.  An  overly  optimistic  demand 
projection  - say,  one  that  overestimates  either  the  need  for  addi- 
tional carrying  capacity  or  the  need  for  replacement  aircraft  (or 
both)  - can  lead  the  producer  to  charge  a price  that  Implies  an 
unatti^nably  high  break-even  point,  and,  as  Lockheed's  L-1011  ex- 
perience demonstrates,  to  Intolerably  large  losses  should  the  ex- 
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pected  sales  fall  to  materialise.  Vhlle  the  risk  of  such  losses 
would  tend  to  discourage  the  firm  from  setting  the  break-even  point 
too  high,  the  existence  of  strong  competition  among  sellers  of 
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commercial  aircraft,  as  well  as  each  producer's  desire  to  sell  suf- 
ficient numbers  of  aircraft  to  keep  its  production  lines  in  con- 
tinuous operation,  push  prices  in  the  opposite  direction  by  tending 
to  make  producers  overly  optimistic  with  regard  to  how  fast  they 
can  proceed  down  the  learning  curve. 

A fourth  implication  of  the  existence  of  the  learning  curve 

concerns  the  relationship  bet'^een  Che  production  of  cosawrclal 

aircraft  and  Che  production  of  military  aircraft.  If  a producer 

of  both  commercial  and  military  aircraft  can  win  a contract  to 

produce  a military  plane  that  utilizes  Che  same  airframe  as  one  of 
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the  company's  coomercial  planes,  then  that  company  will  gain  an 
advantage  over  its  commercial  competitors  to  the  extent  that  it  is 
able  to  progress  down  the  learning  curve  more  quickly  than  it  could 
have  otherwise.  Of  course,  the  military  buyer  also  benefits  by 
saving,  not  only  on  research  and  development  costs,  but  also  on  a 
portion  of  what  it  would  otherwise  have  cost  to  produce  the  military 
airframes.  This  is  yet  one  more  important  aspect  of  the  interface 
between  government  sales  and  commercial  sales. 

This  and  preceding  subsections  have  menioned  the  importance  of 
government  sales  to  the  msjor  airframe  builders.  The  next  two  sub- 
sections look  more  closely  at  the  iBq>ortance  of  government  sales  and 
at  the  risks  involved  in  doing  work  under  contract  for  the  govern- 
ment. 


5.  The  Importance  of  Government  Sales 


During  1975  almost  60  percent  of  the  aerospace  Induatry's 

46 


total  output  was  purchased  by  the  federal  govarnawnt. 


Tor  the 
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Table  VI-4  4 4.  VA.  4«AUC  140JW4  A4.4  A.  A.  AMMS 

1975  Net  Sales  Made  to  the  Government 
(Millions  of  Dollars  and  Percent) 
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Sums  of  coluaoa  1 and  3.  Coaaierclal  sales  Include  sales  to  foreign  govemnents,  in  accordance 
with  the  accounting  practices  of  the  industry.  Entries  nay  not  sum  correctly  due  to  rounding 
errors. 


process,  these  flras  carefully  prepare  envlroanental  forecasts  that 
provide  the  planning  staff  with  an  assessment  of  the  likely  politic 
cal  and  military  environment  and  what  defense  policy  and  military 
hardware  needs  are  likely  to  be  in  such  an  mvironment , as  far  as 
five  to  10  years  into  the  future. 

An  aerospace  company's  dependence  on  government  sales,  partic- 
ularly if  a large  percentage  of  its  sales  are  derived  from  a single 
contract,  may  subject  the  firm  to  a significant  termination  risk, 
since  the  government  may  terminate  a contract  for  its  convenience 
at  any  time.  This  risk  and  the  other  risks  involved  in  doing 
business  with  the  government  are  discussed  in  the  next  subsection. 


6.  Doing  Business  with  the  Government:  Risks  and  Regulations 


The  recently  completed  Department  of  Defense  Profit  Policy 
Study  (nicknamed  Profit  *76),  which  entailed  an  analysis  of  defense 
industry  risks  and  profitability  and  which  led  to  Important  re- 
visions in  DOD  procurement  policy,  once  again  raised  the  question 
of  whether  the  profits  contractors  earn  on  government  work  are  com- 
mensurate with  the  risks  they  must  bear  in  performing  such  work. 

As  the  Profit  *76  study  and  several  earlier  studies  have  noted, 
working  under  contract  for  the  government  involves  certain  risks  not 

present  in  commercial  dealings,  and  the  scale  of  these  risks  is  de- 
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pendent  on  the  type  of  contract  awarded. 

It  is  not  the  purpose  of  this  subsection  to  attempt  to  detamlnc 

whether  defense  work  is  of  a relatively  high  risk/low  return  nature. 

That  iasua  has  bean  debated  - often  hsatsdly  - many  times  in  the 
S3 

past,  and,  in  the  opinion  of  this  writer,  the  debate  is  likely  to 
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continue  well  into  the  future  ee  D(M)  procurement  policy  changes 

and  as  each  side  reassesses  the  relative  risks  and  rewards  of 
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government  business.  One  of  the  complicating  factors  in  the 
debate  is  the  nonquantif iability  of  risk.  Many  studies  have 
listed  the  risk  elements  in  government  contracting,  but  be- 
yond that,  it  is  very  difficult  to  do  more  than  adopt  some  sur- 
rogate measure  - Che  Profit  '76  study  employed  as  a surrogate  mea- 
sure of  risk  Che  standard  deviation  of  the  firm's  rate  of  return 
over  a ten-year  period.  Lack  of  agreement  as  to  the  most 
appropriate  measure  of  risk  will,  to  the  extent  that  different 
measures  lead  to  different  conclusions,  help  keep  Che  debate  alive. 

vrhether  government  regulations  permit  profits  sufficient  to  i 

compensate  defense  contractors  for  the  risks  they  face  is  also  j 

( important  from  a planning  standpoint.  A firm  will  be  willing  to 

1 

invest  its  own  funds  in  new  plant  and  equipment  only  if  the  ex- 


pected returns  from  the  investment,  when  adjusted  for  risk,  are 
judged  by  top  management  to  be  adequate  from  the  standpoint  of 
the  firm  and  its  shareholders.  If  potential  returns  are  felt  to 
be  inadequate,  then  top  management  will  instead  allocate  the  firm's 
available  investment  capital  to  conoMrclal  projects. 

The  remainder  of  this  subsection  examines  the  buyer-seller 
relationship  chat  exists  between  the  federal  government  and  its 
prime  contractors  - a relationship  that  is  conditioned  largely 
by  Che  procurement  policies  that  have  been  established  by  the 
government.  The  latter  part  of  the  subsection  discusses  how 
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type  of  contract  It  Is  willing  to  award  - can  affect  the  allocation 
of  risk  between  buyer  and  seller.  Unlike  the  studies  of  risk  cited 
earlier,  which  either  catalogued  a long  list  of  risks  or  else  con- 
centrated on  developing  a single  overall  measure  of  risk,  this  sub- 
section develops  a set  of  risk  classifications  and  clearly  distin- 
guishes (for  any  particular  program)  between  those  risk  elements 
associated  with  the  period  prior  to  the  award  of  the  first  production 
contract  and  those  risk  elements  associated  with  the  period  follo%ilng 
the  award  of  the  first  production  contract.  In  the  opinion  of  this 
writer,  such  a distinction  has  Important  Implications  for  corporate 
planners  and  top  managers  who  must  carefully  weigh  expected  returns 
and  risks  before  deciding  how  best  to  allocate  the  firm's  scarce 
engineering,  scientific,  and  managerial  talent  among  current  and 
proposed  programs. 

a.  Ti'.e  Buyer-Seller  Relationship 

GovernMnt  contracts  are  awarded  and  administered  under  a detailed 

set  of  rules  spelled  out  In  the  Armed  Services  Procurement  Regulation 

(ASPR),  an  Imposing  collection  of  volumes  that  totals  more  than  3000 
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pages.  The  provisions  of  ASPR,  together  with  thousands  of  addi- 
tional directives  and  Instructions,  detail  the  conditions  that  must 
be  met  when  the  contract  between  buyer  and  seller,  which  specifies 
Che  obligations  of  both  parties  under  the  procurement  agreement.  Is 
written.  Such  an  agreement  Is  necessitated  by  the  fact  that  the 
procurement  of  weapons  systems  does  not  - indeed,  can  not  - take  place 
via  normal  comsMrclal  market  transactions.  In  commercial  markets 
firms  design  and  develop  new  products  entirely  on  their  own  and 


finance  research  and  developnenC  and  initial  production  prior  to 


observing  the  actual  demand  for  the  good.  Due  to  several  factors 


among  them  national  security  considerations,  the  high  cost  and 


long  lead  time  required  to  develop  new  aircraft,  and  all  the  un 


certainties  connected  with  weapons  system  acquisition 


not  in  the  best  interests  of  the  government  to  rely  on  this  pro' 


cess  for  obtaining  major  weapons  systems 


needs  some  assurance  that  it  will  get  what  it  needs  when  it  needs 


it  and  at  a reasonable  price,  and  the  contractor  needs  some  as 


developing,  as  well  as  financial  support  during  the  lengthy  and 


costly  research  and  development  process.  Thus,  there  is  the  need 


for  negotiation  and  contractual  relationshipa  to  supplant  the  mar 


ket  place  in  determining  product  design,  price,  etc 


In  discussing  the  buyer-seller  relationship  that  exists  be 


tween  the  government  and  the  airframe  builders,  it  is  important  to 


distinguish,  for  any  particular  program,  between  the  period  prior 


to  the  award  of  the  initial  production  contract  and  the  period 


following  that  award.  The  contracting  process  for  a new  type  of 


aircraft  begins  with  a Request  for  Proposals,  which  the  government 


issues  to  interested  bidders.  These  contain  detailed  specifications 


of  the  govamawnt's  requirements.  At  this  stage  of  the  process 


and  continuing  through  the  building  of  prototypes  for  a fly  off 


there  are  two  or  more  sellers  but  only  one  buyer.  The  buyer 


seller  relationship  is  what  economists  call  a ‘monopsony*  - two 


or  more  sellers  competing  against  one  another  to  sell  their  output 
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In  such  an  environment  there  Is  a danger 


that  a contractor  will  submit  an  unrealistically  low  bid  or  an 


unrealistically  optimistic  set  of  technical  specifications  In 


order  to  Increase  Its  probability  of  winning 


This  danger  In' 


creases  when  there  are  not  enough  major  contracts  to  go  around 


and  Increases  even  further  when  the  procuring  agency  resorts  to 


auctioning  - l.e.  asking  contractors  whose  bids  fall  within  the 


competitive  range  for  "best  and  final"  offers 


During  this 


portion  of  the  contracting  process  the  main  risks  the  contractor 


faces  are  those  associated  with  either  losing  the  competition  or 


else  winning  the  competition  but  finding  It  Impossible  to  meet 


Once  the  aircraft  has  gone  Into  production,  however,  the 


buyer-seller  relationship  changes  dramatically 


of  the  learning  curve  precludes  further  competition  among  air 


frame  builders,  and  the  government -contractor  relationship  becomes 


one  of  'monopsony'  - a single  buyer  and  a single  seller.  Pro 


ductlon  contracts  are  typically  renegotiated  on  a yearly  basis 


But  once  the  plane  has  gone  Into  production,  there  no  longer  re 


main  any  technical  uncertainties.  Moreover,  the  shape  of  the 


learning  curve  Is  known  well  enough  that  labor  costs  can  be  es 


Though 


tlmated  fairly  accurately,  at  least  over  the  next  year 


the  cost  of  components  purchased  from  subcontractors  can  change. 


the  degree  of  risk  associated  with  cost  Increases  that  diminish 
net  Income  Is  relatively  small.  However,  there  Is  always  a risk 


that  the  governsient  will  terminate  the  contract  at  Its  convenience, 
reimbursing  the  contractor  for  costs  Incurred  up  to  the  termination 


date  and  paying  it  a pro  rata  share  of  the  previously  negotiated 
fee,  but  leaving  It  on  its  own  to  decide  what  to  do  with  facilities 
and  a labor  force  for  which  there  is  no  longer  any  need.  The  im- 
portance of  the  termination  risk  is  difficult  to  assess,  but,  in  the 
opinion  of  this  writer,  is  likely  to  be  small  in  relation  to  the 
risks  associated  with  not  winning  the  contract  in  the  first  place. 

After  the  contractor  has  performed  the  work  required  under  the 
contract  and  been  paid,  any  profits  it  may  have  earned  are  subject 
to  scrutiny  by  the  Renegotiation  Board.  The  board  averages  con- 
tractor performance  on  all  contracts  on  a yearly  basis,  and  if  it 
determines  that  during  the  year  under  review  the  contractor  earned 
'excessive'  profits,  it  recaptures  the  'excess'  for  the  government. 
This  review  process  is,  however,  a one-way  street  because  the  con- 
tractor has  no  recourse  in  the  event  it  believes  its  profits  were 
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too  low  that  year.  Moreover,  the  determination  of  the  reason- 
ableness of  each  contractor's  profits  is  made  on  the  basis  of  a 
set  of  six  criteria  that  are  widely  regarded  as  vague  and  sub- 
jective. Government  contractors  and  independent  analysts 
have  criticized  the  Renegotiation  Board's  decisions  as  arbitrary. 
Kaysen  and  others  believe  that  the  way  the  government  does  business, 
and  in  particular,  the  operation  of  the  Renegotiation  Board,  dulls 


whatever  incentives  exist  in  individual  contracts  for  promoting 
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efficient  contractor  performance. 

This  subsection  has  mentioned  several  of  the  risks  involved  in 
government  contracting.  The  next  subsection  examines  these  and 
other  associated  risks. 
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b.  Financial  Risks  and  Business  Risks 


The  term  'risk'  Is  one  that  Is  subject  to  varying  Interpreta- 
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tlons.  Some  authors  treat  'uncertainty'  as  a synonym  for  'risk', 
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while  others  follow  Knight  and  distinguish  'uncertainty'  , which 
is  held  to  be  'elusive  and  nonmeasurable'  , from  'risk'  which  Is 
held  to  be  measurable.  Financial  and  business  %rrlters  often 
use  the  term  'risk'  In  an  all-inclusive  manner  to  encompass  all 
the  assorted  uncertainties,  most  of  which  are  not  susceptible  to 
measurement,  that  confront  a firm,  while  financial  management  text- 
books normally  aim  for  a higher  degree  of  precision,  often  carefully 
distinguishing  between  'business  risk'  , measured,  say,  as  the  co- 
efficient of  variation  of  the  firm's  net  operating  Income,  and  'fi- 
nancial risk',  measured,  say,  as  the  coefficient  of  variation  of  the 
firm's  net  Income  (or  earnings  available  to  shareholders)  or  as  the 
probability  of  bankruptcy.  Studies  dealing  with  the  specific 
subject  of  risk  elements  In  government  contracting  tend  to  drift  to 
either  of  two  extremes:  either  providing  a long  list  of  sources  of 
uncertainty  or  else  selecting  some  single  overall  measure  of  risk. 

One  exception  Is  a recent  publication  of  the  Aerospace  Industries 
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Association  of  America  that  categorizes  risks  that  confront  aero- 
space firms  into  four  broad  classes.  A similar  approach  Is  adopted 
In  the  first  portion  of  this  subsection,  although  the  categories 
differ  somewhat  and,  in  contrast  to  the  earlier  approach,  a surrogate 
measure  of  each  of  the  risks  In  each  category  Is  suggested. 

The  major  types  of  risk  that  are  encountered  by  the  nine  major 
military  airframe  builders  are  discussed  below.  Many  of  these  risks, 
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as  indicated  below,  are  those  that  affect  all  government  contrac- 
tors. In  what  follows  a distinction  is  drawn  between  financial 
risks  and  business  risks ^ hut  as  the  discussion  makes  clear,  gov- 
ernment contracting  affects  both  types  of  risk. 

As  discussed  above,  financial  risk,  which  must  be  borne  to 
some  extent  by  all  corporations,  encompasses  the  risk  of  bank- 
ruptcy and  the  variability  in  the  firm's  net  Income.  Surrogate 
measures  for  these  two  components  of  financial  risk  are  the  prob- 
ability of  bankruptcy  and  the  coefficient  of  variation  of  net  in- 
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come,  respectively.  The  probability  of  bankruptcy  is,  of 

course,  the  ultimate  risk  that  any  business  organization  faces, 

but,  in  the  case  of  the  major  airframe  builders,  this  risk  is, 

according  to  at  least  one  expert,  almost  insignificant.  Kurth 

( has  offered  empirical  evidence  in  support  of  his  belief  in  a 

'ball-out  imperative'  that  prompts  the  government  to  come  up  with 

a new  program  and  award  it  to  a prime  contractor  in  deep  financial 
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trouble.  Kurth  would  undoubtedly  argue  that  the  Navy's  modi- 
fication of  the  F-14  contract  and  the  government's  loan  guarantee 

for  Lockheed  vere  merely  different  manifestations  of  the  same 
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phenomenon.  The  second  component  of  financial  risk  is  also 

affected  by  the  way  the  government  does  business.  For  example, 
Fairchild  Industries,  Inc.,  reported  to  its  shareholders  that 
* "the  transition  from  the  development  to  the  production  contract 

[for  the  A-10  attack  aircraft]  substantially  Impacted  1975  sales 
and  earnings." 

^ What  distinguishes  financial  risks  from  business  risks  is  that 
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only  the  former  reflects  the  Impact  of  the  firm's  financial 
decisions,  and  In  partlcclar,  what  proportion  of  the  firm's 
capital  has  'leen  raised  through  the  issuance  of  debt  Instruments. 
Both  financial  risk,  as  defined  above,  and  business  risk,  as 
defined  below,  reflect  the  impact  of  the  operating  decisions  of 
the  firm.  In  this  sense,  then,  financial  risk  Is  the  more  In- 
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elusive  term  and  can  be  thoi-.'jht  of  as  the  firm's  overall  risk. 

Business  risks  are  of  six  types:  (1)  technical  risks,  (11) 
bidding  risks,  (111)  production  risks,  (Iv)  cost  risks,  (v)  gov- 
ernment dependence  risks,  and  (vl)  conmerclal  market  risks.  Each 
of  these  Is  discussed  below. 

Technical  risks  are  those  associated  with  pushing  the  state 

O C 

of  the  art  each  time  a new  military  aircraft  Is  developed. 

Often  there  are  several  unknowns  to  be  dealt  with,  and  even  If 
the  f Irm  Is  conf Idait  it  can  solve  each  technical  problem  Individu- 
ally, there  may  remain  much  uncertainty  concerning  the  time  and, 
cost  required  to  accomplish  these  results  and  there  may  also  be 

uncertainty  as  to  how  well  the  new  Integrated  system  Incorporating 
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all  these  advances  will  perform.  Since  aerospace  firms  typically 

earn  a greater  portion  of  their  sales  revenue  on  research  and  de- 
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velopaent  work  than  do  firms  In  other  Industries,  this  source  of 

uncertainty  Is  of  somewhat  greater  significance  In  the  aerospace 

Industry.  However,  In  view  of  DOD's  apparent  Increasing  willing- 
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ness  to  fund  research  and  development  on  a cost-plus  basis,  the 
Impact  of  technical  risks  on  the  firm  Is  correspondingly  reduced. 

One  way  to  measure  these  risks,  while  reflecting  the  Importanr 
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of  govermaent  funding.  Is  to  estimate  the  firm's  probability  of 
failure  to  meet  the  contract's  specifications.  Since  Increasing 
the  government's  share  of  the  costs  makes  It  less  costly  for  the 
firm  to  engage  In  an  additional  dollar's  worth  of  research  and  de- 
velopment, as  long  as  the  additional  dollar  Is  spent  productively, 
the  probability  of  failure  will  tend  to  fall.  RcKlucing  this  prob- 
ability Is  In  the  firm's  Interest  because  failure  to  meet  the  con- 
tract specifications  may  result,  not  only  in  financial  loss,  but 
In  loss  of  reputation  as  well. 

The  second  category  of  business  risk,  bidding  risk.  Is  also 
associated  primarily  (although  not  exclusively)  with  government 
contracting.  Prior  to  the  award  of  a contract,  the  firms  that  In- 
tend to  bid  spend  money,  some  of  it  their  own  and  the  rest  of  It 
the  government's  bid  and  proposal  (B&P)  money,  preparing  the  bid. 

As  in  the  case  of  technical  risks,  government  funding  helps  reduce 
the  Impact  of  these  risks.  Also  similar  to  technical  risks,  the 
measurement  of  bidding  risk  may  be  carried  out  by  once  again  esti- 
mating the  probability  of  failure.  In  this  case,  the  probability  of 
falling  to  win  the  contract. 

The  third  class  of  business  risk,  production  risk,  is  associ- 
ated with  fluctuations  In  the  levels  of  demand  for  the  firm's  prod- 
uct that  lead  to  volatility  In  manpower  requirements.  One  major 
source  of  fluctuation  In  demand  for  military  aircraft  is  the  rapid 

buildup  and  the  rapid  phasing  out  that  accompany  the  start  and 
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completion,  respectively,  of  a major  government  contract.  Such 
fluctuations  may  force  the  firm  through  successive  periods  of 


i 
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layoffs  and  rehlrlngs,  both  of  which  involve  substantial  direct  and 

Indirect  costs.  For  example,  where  labor  unions  exist,  one  would 
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expect  on  the  basis  of  economic  theory  that  unions  would  press 
for  higher  wages  In  order  to  obtain  for  their  workers  a risk  premi- 
um to  compensate  them  for  the  risk  of  being  laid  off.  A more 
serious  problem  from  the  coiiq>any's  standpoint  is  the  threat  of  not 
being  able  to  rehire  previously  laid  off  skilled  scientific  or 
engineering  talent  or  skilled  line  managers  because  they  were  hired 
by  other  firms,  or  worse  yet,  because  they  left  the  Industry.  Any 
measure  of  the  volatility  of  aerospace  employment,  such  as  the  co- 
efficient of  variation  of  the  number  of  employee-hours  per  week  over 
some  specified  time  period,  might  serve  as  a measure  of  this  type  of 
risk. 

The  fourth  category  of  business  risk,  cost  risk.  Involves  the 
contractor's  possible  failure  to  produce  the  Item  within  target  cost. 
This  category  of  risk  overlaps  with  technical  risk,  since  the  greater 
is  the  technical  complexity  of  the  Item  - l.e.  the  greater  are  the 
technical  risks  - the  greater  Is  the  risk  that  actual  costs  will 
exceed  target  cost.  As  discussed  below,  when  research  and  develop- 
ment contracts  are  of  the  cost-plus  form,  the  government  assumes 
most  of  the  cost  risk.  On  production  contracts,  on  which  the  tech- 
nical risks  are  normally  much  smaller  than  on  research  and  develop- 
ment contracts,  but  on  which  the  government  normally  insists  on  a 
fixed  price,  there  Is  also  cost  risk.  This  risk  Is  Induced  by  such 
factors  as  production  delays,  design  changes  ordered  by  the  govern- 
ment that  lead  to  cost  Increases  that  are  not  fully  reimbursed,  and 
Increases  in  the  cost  of  Inputs  due  to  general  Inflation  that  are 
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not  fully  covered  in  the  contract.  Also,  as  discussed  below,  the 


use  of  fixed-price  contracts  for  the  production  phase  of  a major 

program  forces  a larger  share  of  the  cost  risk  to  fall  on  the  con- 
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tractor.  As  far  aa  the  meaaurement  problem  Is  concerned,  cost 


risk  on  any  contract  or  project  could  be  measured  either  by  the 
standard  deviation  of  the  probability  distribution  of  actual  cost 
about  target  cost  - estimated,  say,  on  the  basis  of  historical 
data  - or  more  simply,  as  the  estimated  probability  that  target 


Two  other  aspects  of  cost  risk  should  be  noted.  First,  to  re- 
duce bid  risk  the  contractor  may  submit  an  unrealistically  low  bid. 


thereby  increasing  its  cost  risk.  Second,  the  use  of  subcontractors 


can  also  have  an  Impact  on  cost  risk  In  two  offsetting  ways.  On 
the  one  hand,  the  greater  use  of  subcontractors  relaxes  the  prime 
contractor's  direct  control  over  those  phases  of  research  and  devel 
opment  and/or  production  that  have  been  contracted  out,  while  on 
the  other  hand,  a portion  of  the  prime  contractor's  overall  cost 
risk  can  be  transferred  to  the  subcontractor  If  the  latter  accepts 


the  work  on  fixed-price  basis. 

The  fifth  category  of  business  risk,  government  dependence  risk, 
also  overlaps  with  the  other  categories  of  business  risk.  Govern- 
ment dependence  risk  Is  caused  by  a contractor's  having  to  sell 
high  technology  military  aircraft  to  (or  at  least  through)  a single 
buyer.  This  Imposes  certain  risks  In  research  and  development  work 
because  the  government  must  be  satisfied  with  the  product  before  it 
will  authorize  production,  and  In  addition,  because  the  contracting 
authority  may  alter  Its  requlresMnts  as  the  weapons  system  evolves. 


ordering  the  contractor  to  aodlfy  componenta,  which  in  turn  nay  have 

a ripple  effect  on  other  conponents  in  the  system.  A second  aspect  of 

government  dependence  risk  is  the  volatility  of  government  funding, 

which  can  have  a strong  impact  on  a contractor's  production  risk.  The 

fall  in  D(N)  spending  following  the  Vietnam  war  peak  is  one  of  the  main 

factors  responsible  for  the  current  overcapacity  in  the  aerospace 
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Industry.  In  addition,  each  of  the  above  factors  can  also  com- 
pound cost  risk.  A third  aspect  of  government  dependence  risk  is 
termination  risk  - the  probability  that  the  government  may  terminate 
a contract  for  convenience.  Such  termination  may  be  due  to  a lack 
of  funding,  or  to  political  pressures  such  as  those  threatening  the 
Bl  bomber  program,  or  more  simply,  to  altered  priorities.  In  any 
case,  the  very  limited  possibilities  for,  and  the  very  high  cost 

in  terms  of  direct  outlays  and  loss  of  efficiency  of,  converting  the 
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production  facilities  to  some  alternative  use  mean  that  layoffs 
follow,  the  contractor's  business  base  and  earnings  shrink,  and  the 
amount  of  unused  capacity  increases.  A fourth  aspect  of  government 
dependence  risk  is  that  associated  with  the  present  very  real  pos- 
sibility that,  even  if  real  defense  spending  continues  to  increase, 

the  number  of  major  contracts,  and  hence,  the  number  of  airframe 

96 

builders  needed  to  serve  as  prime  contractors,  may  diminish. 

As  far  as  measurement  of  government  dependence  risk  is  concerned, 
one  might  adopt  some  measure  of  the  volatility  of  a contractor's 
governaient  sales,  as,  for  example,  the  standard  deviation  of  gov- 
ernment sales  (about  a trend)  over  some  specified  period. 

The  last  category  of  risks  includes  those  risks  that  are  strict- 
ly commercial,  and  as  such,  can  be  interpreted  and  measured  in  the 
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same  manner  as  Van  Home’s  business  risks.  In  Che  case  of  the  three 
firms  producing  commercial  passenger  aircraft,  however.  It  may  be 
more  meaningful  to  attach  risks  to  specific  programs.  These  are  of 
essentially  two  t3rpes:  the  risk  (l.e.  the  probability)  of  not 
reaching  the  break-even  number  of  units  sold  for  a particular  type 
of  aircraft  and  the  risk  (l.e.  the  probability)  of  a disastrous 
accident  that  will  tamlsh  the  company's  image  and  might  thereby  de- 
tract from  future  sales.  The  first  of  these  also  reflects  the  risks 
associated  with  mistiming  Che  Introduction  of  a new  commercial  aircraft. 

One  method  of  dealing  with  these  substantial  financial  and  busi- 
ness risks  Is  for  the  airframe  builders  to  cooperate  through  joint 

go 

ventures.  This  approach  Is  superior  from  the  standpoint  of  the 
firms  Involved  to  the  more  traditional  prime  contractor  - subcontrac- 
tor form  of  business  relationship  In  that  research  and  development 
are  shared  more  equally  and  each  producer  sliares  in  Che  production 
and  marketing  of  the  aircraft.  Hence,  in  a joint  venture  each  pro- 
ducer  Is  a prime  contractor,  and  as  will  be  argued  belowt  It  is 
prime  contracting  rather  than  subcontracting,  and  the  prestige  that 
accompanies  the  successful  development  and  production  of  a new  high 

technology  aircraft  that  is  one  of  the  primary  sources  of  satisfaction 
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for  the  managers  of  these  firms. 


c.  The  Government  - Airframe  Contractor  Relationship: 

Allocation  of  Risks  by  Contract  Type 

Having  Indicated  the  major  sources  of  risk,  the  discussion  %rill 
deal  next  with  the  question  of  risk-sharing  between  the  government 
and  the  contractor.  At  one  extreme,  the  government  could  provide 
all  the  fixed  capital  (l.e.  plant  and  equipment)  and  all  the  working 
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capital  (i.e.  short  term  futidlng  for  inventories  and  work  In 
process)  and  pay  the  airframe  contractor  a fixed  fee  for  managing 
these  assets.  In  this  case  the  government  would  assume  the  larger 
share  of  business  risk.  At  the  opposite  extreme,  the  contractor 
could  provide  all  Its  own  fixed  and  working  capital  and  according- 
ly assume  all  the  business  risk.  In  reality,  the  government  does 
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furnish  some  fixed  capital. 


although  It  appears  to  be  trying 


102 


to  phase  out  its  plant  ownership  role  in  the  aerospace  Industry. 

The  government  also  funds  a large  portion  of  the  major  airframe 
builders'  working  capital  requirements  by  providing  progress  pay- 
ments, though  with  Interest  now  an  allowable  cost,  the  extent 
of  government  funding  of  working  capital  requirements  may  decrease. 

One  of  the  most  Important  mechanisms  by  which  the  government 
is  able  to  shift  risk  between  Itself  and  the  airframe  builder  Is 
by  Its  selection  of  the  type  of  contract  for  a particular  procure- 
iwnt.  Several  studies  have  examined  the  relationship  between 

contract  type,  the  extent  of  the  risks  borne  by  the  contractor, 
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and  contractor  performance. 


Procurement  contracts  are  of  four 


basic  types:  flrm-f Ixed-prlce  (FFP) , f ixed-prlce-incentlve  (FPI) , 
cost-plus-lncentlve-fee  (CPIF) , and  cost-plus-f Ixed-f ee  (CPFF) . 
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As  Implied  by  the  fee  ranges  set  by  the  Department  of  Defense, 
the  government's  share  of  overall  risk  (and.  In  particular.  Its 
share  of  cost  risk)  Is  greatest  under  CPFF  contracts,  somewhat  less 
under  CPIF  contracts,  less  yet  under  FPI  contracts,  and  least  under 
FFP  contracts.  Correspondingly,  the  contractor's  share  of  the  risk 
and  Its  fee  become  greater  as  the  government's  share  of  the  risk 


falls. 


109 


104 


930 


A third  mechanism  by  which  risk  Is  shifted  Is  via  government 
contract  provisions  regarding  warranties.  The  purpose  of  a 

warranty  is  to  protect  the  buyer  in  the  event  the  item  turns  out 
to  be  defective.  The  warranty  typically  specifies  the  extent  of 
the  producer's  liability  for  repairing  or  replacing  defective 
items.  Several  comparisons  of  government  contract  provisions 
regarding  warranties  with  commercial  irarrantles  have  sho%m  govern- 
ment warranties,  in  general,  to  be  more  demanding.  The  ex- 

istence of  more  stringent  warranties  has  the  effect  of  increasing 
the  share  of  technical  risk,  and  hence  the  share  of  overall  flxiancial 
risk,  borne  by  the  firm,  since  ceteris  paribus  the  more  exacting  are 
the  standards,  the  greater  is  the  likelihood  they  cannot  be  met,  and 
consequently,  the  greater  is  the  likelihood  the  contractor  will  suf- 
fer some  sort  of  financial  penalty. 

This  subsection  has  examined  the  government -airframe  contrac- 
tor relationship  and  has  discussed  the  major  risks  airframe  contrac- 
tors face  and  how  government  procurement  policy  affects  the  sharing 
of  these  risks  with  its  prime  contractors.  The  next  subsection 
looks  at  the  connercial  side  of  the  airframe  builders'  business, 
and  in  particular,  at  their  attempts  to  diversify  in  order  to  re- 
duce their  dependence  on  government  sales. 

7.  Diversification:  Balancing  Government  Business  and 
Commercial  Business 

The  previous  subsection  discussed  soaic  of  the  major  differences 
between  the  buyer-seller  relationship  that  exists  between  the  gr>v- 
ernaent  and  a prime  contractor  and  the  buyer-seller  relationship 
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that  Is  typical  of  conuerclal  markets.  The  subsection  went  on 

to  point  out  the  risks  associated  with  this  special  relationship* 

and  in  particular,  the  risks  a contractor  faces  as  it  becomes 

increasingly  dependent  on  government  sales.  VIhlle  commercial 

ventures  also  pose  certain  risks,  some  of  which  are  of  great 

magnitude,  many  of  the  major  airframe  builders  have  increased 

their  efforts  to  diversify  into  non-aerospace  commercial  ventures 
112 

in  recent  years. 

One  reason  offered  to  explain  this  desire  to  diversify  is 
the  relatively  low  profitability  and  the  relatively  high  risks  of 
government  business.  A second  reason  is  the  limited  growth  po- 
tential provided  by  government  sales  during  recent  years  as  real 
defense  spending  fell.  Table  VI-5  summarizes  the  recent  profitability 
and  growth  experience  of  the  nine  major  military  airframe  builders. 

As  the  table  shows,  the  median  profitability,  whether  measured 
by  the  average  return  on  equity  or  the  average  return  on  total  cap- 
ital, as  well  as  the  median  net  profit  margin  and  the  average  annual 
sales  growth,  for  the  nine  firms  were  below  the  respective  median 
values  both  for  the  aerospace  Industry  as  a tdtole  ( 'industry  median' ) 
and  for  all  industries  taken  collectively  ('all  industries  median' 

If  one  views  a corporation  as  a business  entity  that  exists  primarily 
for  the  benefit  of  its  shareholders,  then,  of  the  three  indicators 
of  profitability  shown  in  Table  VI-5,  average  return  on  equity  is  the 

most  appropriate.  Therefore,  on  the  basis  of  this  measure  and  the 

1 14 

profitability  figures  provided,  one  must  conclude  that  whatever 
differences  exist  between  the  profitability  of  the  major  airframe 
builders  and  the  prof Itabllity  of  other  aerospace  firms  and  firms 


Table  VT-5  Profile  of  the  Nine  Major  Airframe 

Builders  by  Profitability  and  Growth 
(Percent  and  Percent  Per  Annum) 


Percentage  computed  as  a flve>year  average  of  the  returns  computed  for  1972  through  1975  and 
the  12-month  period  ending  with  the  latest  (as  of  December  1976)  available  quarterly  report. 


Percentage  return  on  combination  of  stockholders'  equity,  long  term  debt,  minority  stock- 
holders' equity  in  consolidated  subsidiaries,  and  accumulated  deferred  taxes  and  Investment 
tax  credits.  The  numerator  in  the  calculation  is  the  sum  of  net  Income,  minority  Interests  in 
net  income,  and  estimated  after  tax  interest  paid  on  long  term  debt. 
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In  other  Industries  are  not  significant.  It  Is  equally  clear 

from  the  figures  provided  In  Table  VI-5  that  the  major  airframe 
builders  have  grotm  more  slowly  than  other  firms.  Moreover, 

Rockwell  International,  which  grew  the  fastest,  was  also  the  most 
active  In  acquiring  other  firms  outside  the  aerospace  Industry. 

One  direction  In  which  the  major  military  airframe  builders 
might  choose  to  diversify  Is  the  production  of  comswrclal  jet  air- 
craft. Indeed,  three  of  the  nine  already  dominate  the  world  market. 
The  technological  complementarity  of  military  and  commercial  air- 
craft would  tend  to  make  such  diversification  appear  attractive. 
Also,  the  character  of  the  production  processes  Is  similar  enough 
that  managerial  and  productive  expertise  could  also  be  transferred 
rather  easily  - certainly  more  easily  than  to,  say,  automobiles  or 

food  products.  However,  the  demand  for  commercial  aircraft  Is 
1 18 

highly  cyclical  and,  despite  the  evident  need  for  new  jetliners, 
the  present  outlook  for  comnerclal  jet  aircraft  sales  Is  clouded 


117 


119 


120 


by  the  severe  financial  problems  afflicting  the  nation's  airlines 

and  the  apparent  peaking  out  of  the  growth  of  airline  passenger 
121 

traffic.  Moreover,  the  financial  risks  are  enormous,  with  out- 

lays for  research  and  development  and  Initial  production  amounting 

to  as  much  as  $2  billion  before  the  producer  begins  to  recover  its 
122 


Investment . 


The  recant  entry  of  foreign  producera,  supported 


by  the  vast  financial  resources  of  their  governments,  has  greatly 

123 

increased  the  coaq>etitlve  pressures  faced  by  U.S.  firms. 


O 


Thus,  the  opportunities  for  diversification  in  this  direction  are 
In  the  opinion  of  this  writer,  virtually  nonexistent. 


Diversification  Into  conmerclal  non-aircraft  product  lines  has 
also  been  carried  out,  and  the  najor  airframe  builders  have  gener- 
ally been  more  successful  In  those  ventures  than  Involve  the  trans- 
ference of  the  technological  expertise  developed  In  their  aerospace 
124 


J 


operations. 


However,  as  Table  VI -6  Indicates,  these  conmerclal 


non-aircraft  ventures  have,  in  four  cases,  recently  acted  as  a net 

125 

drain  on  corporate  net  earnings.  Admittedly,  some  of  these 

losses  are  due  to  the  recent  recession,  rather  than  to  the  firm's 

basic  inability  to  develop  profitable  commercial  non-aircraft  lines 

of  business.  However,  the  fact  remains  that  the  managerial  skills 

required  to  oversee  an  organization  that  develops  and  produces  a 

relatively  small  number  of  high  technology  products  that  It  markets 

to  only  a small  number  of  select  customers  are  different  from  those 

required  to  mass  produce  and  to  market  on  a wide  scale  consumer- 

oriented  goods  and  services.  As  a result.  In  trying  to  diversify 

Into  conserclal  non-aircraft  ventures,  the  major  military  airframe 

126 

builders  have  to  be  very  careful  where  they  Invest  their  money, 
and  as  the  experience  of  Rockwell  International  would  seem  to  Indi- 
cate, diversification  by  external  means  (i.e.  by  taking  over  es- 
tablished firms)  is  preferable  Co  diversification  by  Internal  means, 

since  the  former  approach  brings  experienced  managers  into  the  firm 

127 

and  brings  an  established  marketing  network  under  its  control. 

More  seriously,  the  limited  opportunities  for  profitable  diversifi- 
cation, when  coupled  with  the  relative  Inflaxibllity  of  the  plant 
and  equipment  these  firms  operate,  may  have  the  effect  of  forcing 
these  firms  to  accept  (what  they  nay  regard  as)  subnormal  profits 
without  recourse  to  the  avenue  of  relief  open  to  firms  in  tradi- 
tional economic  theory  - Che  ability  to  costlassly  switch  industries. 
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In  the  course  of  Interviews  with  executives  of  the  major 

military  airframe  builders,  the  author  was  told  that  these 

firms  would  like  to  diversify  Into  new  product  lines  In  order 

129 

to  reduce  their  dependence  on  the  government.  These  firms 

generally  view  government  business  as  relatively  risky  and 
relatively  less  profitable  than  commercial  business,  and  they 
see  diversification  as  one  way  to  reduce  the  overall  risks 
they  face.  Tet,  as  this  subsection  has  tried  to  point  out, 

diversification  into  coenaerclal  markets  poses  special  problems 
for  many  of  these  firms.  It  Is  not  surprising,  then,  that  many 
of  them  have  also  pursued  a different  approach  to  risk  reduction, 
namely,  the  expansion  of  foreign  markets  for  their  goods  and  the 
development  of  cooperative  ventures  with  foreign  producers.  These 
developments  are  discussed  in  the  next  subsection. 

8.  Foreign  Sales  and  Foreign  Competition 

As  sales  of  military  aircraft  to  the  U.S.  government  fell 

following  the  Vietnam  war  and  as,  domestic  sales  of  conanerclal  alr> 

craft  fell  during  the  recent  recession,  one  of  the  factors  that 

helped  sustain  the  U.S.  aerospace  Industry  was  foreign  sales  of 

military  aircraft.  During  1975,  for  example,  foreign  sales  of 

military  aircraft  and  other  aerospace  products  amounted  to  $2.5 
131 

billion  and  accounted  for  350,000  jobs  and  for  seven  percent 
132 

of  U.S.  exports.  As  domestic  opportunities  diminish,  the 

133 

major  airframe  builders  have  tried  to  expand  foreign  sales. 

o 

13A 

Such  sales  can,  however,  lead  to  political  difficulties  since, 
even  If  the  sales  are  made  by  the  nenufacturer  directly  to  the 
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foreign  government,  they  must  be  reviewed  by  various  U.S.  gov- 
. 135  . . . . . 


ernment  agencies. 


In  addition,  tltj:*  foreign  buyer  may  Insist 


on  certain  conditions,  such  as  the  sharing  of  production  with 

1 36 

one  or  more  firms  In  that  country  or  a guaranteed  purchase 

137 

by  U.S.  buyers  of  a certain  amount  of  that  country's  exports, 
as  part  of  the  deal. 

In  addition  to  the  difficulties  associated  with  having  to 
make  various  concessions  to  foreign  governments  In  order  to  sell 
airplanes,  the  U.S.  airframe  builders  are  meeting  with  Increased 
competition  from  foreign  builders  of  both  commercial  and  military 
aircraft.  Most  of  these  foreign  competltlors  are  supported  fi- 


nancially by  their  governments. 


Since  many  of  the  foreign 


coonerclal  airlines  are  government -owned,  the  foreign  government 

13S 

can  direct  Its  airline  to  buy  domestically  produced  aircraft. 

A third  factor  making  for  Increased  foreign  competition  Is  the 

multinational  pooling  of  efforts,  tfhlch  permits  the  sharing  of 

140 

heavy  development  costs  and  which  can  also  serve  to  expand 

141 

the  'guaranteed  market'  for  a particular  foreign  aircraft . 

These  factors  place  the  major  U.S.  airframe  builders  at  a 

disadvantage,  and  In  order  to  counter  the  risk  of  erosion  of 

thslr  foreign  markets,  sevaral  U.S.  firms  have  recently  entered 

142 

Into  joint  ventures  with  foreign  aerospace  firms. 


9.  SumsMry 


This  section  has  provided  an  overview  of  the  nine  major 
military  airframe  builders  In  the  United  States.  The  discussion 


has  focusad  not  only  on  the  flras  themselves,  but  also  on  the 
environment  within  irhlch  they  operate,  and  In  particular,  on 
their  relationship  irlth  their  principal  customer,  the  United 
States  government,  on  the  financial  and  business  risks  they 
must  bear,  and  also  on  the  Increasing  foreign  pressures  they 
face.  With  the  material  presented  In  this  section  as  a back- 
ground, the  remainder  of  the  chapter  describes  how  these  firms 
conduct  their  long  term  and  short  term  planning. 

C.  BACKGROUND  TO  THE  PLANNING  PROCESS;  THE  OBJECTIVES  OF  THE  FIRM 

1.  The  Planning  Process 

In  light  of  the  many  risks  associated  with  the  aerospace 
business  that  were  discussed  In  the  previous  section,  as  well  as 
the  apparent  reduction  in  the  number  of  major  military  aircraft 
programs  and  the  intensifying  foreign  competition  for  both  mili- 
tary and  commercial  aircraft  sales,  the  following  maxim  culled 
from  the  office  wall  of  an  aerospace  planning  executive  seems  to 
this  writer  an  appropriate  way  to  begin  this  section: 

"The  company  that  doesn't  plan  for  Its  future  Isn't  likely 
to  liave  one." 

The  overall  purpose  of  the  corporate  and  dlvlelonal  planning 
conducted  by  the  major  airframe  builders  may  be  stated  succinctly 
as  follows!  to  allocate  the  company's  scarce  productive  resources  - 
manpower,  facilities,  and  skilled  managerial,  engineering,  and 
technical  talent  - and  Its  scarce  financial  resources  among  existing 
end  potential  commercial  product  lines  and  among  existing  and 
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potential  government  contracts  In  accordance  with  goals  and  objec- 
tives of  the  company.  The  'existing'  in  the  above  statement  re- 
fers mainly  to  ahcrt  terwn,  or  pp^rational  ^ planning  ^ with  Its  em- 
phasis on  the  firm's  most  efficient  use  of  Its  current  stocks  of 
capital  resources  - both  physical  capital  In  the  form  of  plant 
and  equipment  and  human  capital  In  the  form  of  the  knowledge  and 
skills  embodied  In  the  firm's  managers,  engineers,  and  scientists  - 
and  Its  emphasis  on  carrying  out  production  to  meet  current  conmlt- 
ments  In  the  most  efficient  manner  - In  terms  of  minimizing  pro- 
duction costs  while  maintaining  product  quality  and  contract  per- 
formance (In  an  attempt  to  generate  maximum  sustainable  earnings). 
The  'potential'  In  the  above  statement  refers  mainly  to  long  term, 
or  etrategia , planning , with  Its  emphasis  on  new  business  - and 
the  most  effective  use  of  research  and  development  funds,  engineers, 
and  scientists  In  order  to  develop  the  expertise  necessary  to  de- 
velop new  products  and  secure  new  government  contracts  - and  Its 
emphasis  on  the  most  efficient  use  of  the  firm's  financial  resources 
to  purchase  new  production  facilities  and  new  equipment  and  to  start 
up  or  acquire  new  businesses. 

Planning,  then,  takes  place  on  two  levels:  short  term  planning, 
for  which  the  time  period  Involved  la  typically  one  year,  although 
some  of  the  major  airframe  builders  carry  out  operational  planning 
over  longer  periods,  and  long  term  planning,  for  which  the  time 
period  Involved  Is  typically  five  years,  although  aome  of  the  major 
airframe  builders  carry  out  strategic  planning  over  longer  periods.  ^ 
As  described  below,  consistency  between  the  long  term  plan  and  the 
short  term  plan  is  achieved  by  first  formulating  the  long  term 


i 

( 


plan  and  Chen  using  chs  first  year  of  the  long  plan  (or  the  first 
two  years  or  five  years  if  that  Is  the  firm's  short  term  planning 
period)  as  Che  basis  for  the  short  term  plan. 


At  both  the  strategic  and  Che  operational  levels,  planning  is 
done  Iteratively.  The  nine  major  airframe  builders  are  organized 


as  mulcldlvlslon  companies,  with  one  or  more  divisions  producing 

144 

aircraft  and  other  aerospace  products  and  several  divisions 


producing  non-aerospace  products,  as  Illustrated  In  Figure  VI-2 


Declslon-maklng  and  much  of  Che  responsibility  for  planning  are 


decentralized,  although  major  decisions,  such  as  Chose  requiring 


capital  Investment,  and  strategic  and  operational  plans  must  be 
cleared  irlth  the  company's  headquarters,  which  maintains  Its  own 


planning  staff  - sometimes  consisting  of  just  one  Individual 


and  which  ensures  Chat  the  plans  of  the  various  divisions,  when 


amalgamated,  are  consistent  with  the  company's  goals  and  objectives 
Achieving  this  consistency  may  require  several  Iterations  between 


division  and  headquarters  until  the  latter  Is  satisfied  with  Che 


The  headquarters  planning  staff  has  an  additional  responsibility 


that  la  critical  to  the  planning  process.  The  corporate  planning 


staff  prepares  annually  an  environmental  forecast,  which,  as  the 


name  Implies,  characterizes  the  firm's  operating  environment  over 


a period  of  years  at  least  as  long  as  the  strategic  planning  period 


Each  division  Inputs  information  relating  to  its  own  area  of  expcr 


tlse  to  the  corporate  planning  staff,  which  gathers  additional  in 


formation  relating  to  such  areas  as  the  general  state  of  the  econoaiy 


In  future  years,  the  future  political  environment  and  its  likely 
Impact  on  future  defense  budgets,  etc.,  and  prepares  the  final 
document (s).  No  claim  is  made  as  to  the  perfect  accuracy  of  these 
projections,  but  rather,  the  environmental  forecast  is  Intended 
as  a summary  statement  by  the  company  of  what  it  regards  as  rea- 
sonable assessments  of  future  condltons  likely  to  have  an  Impact 
on  the  demand  for  the  company's  products  - i.e.  assessments  on 
which  the  corporate  planning  staff  would  expect  the  divisions  to 
base  their  strategic  and  operational  plans. 

The  preparation  and  use  of  the  environmental  forecast  are 
discussed  in  greater  detail  below,  where  section  D focuses  on 
the  forecast  itself  and  sections  E and  F discuss  long  term  plan- 
ning and  short  term  planning,  respectively,  for  which  the  environ- 
mental forecast  provides  Important  input  data.  The  remainder  of 
this  section  concentrates  on  the  objectives  of  the  firm,  which, 
like  the  environmental  forecast,  underlie  the  planning  process. 

2.  The  Objectives  of  the  Firm 

Though  a company's  objectives  may  not  be  stated  explicitly 
at  the  outset  of  the  planning  cycle,  the  acceptance  or  rejection 
of  divisional  objectives  and  plans  is  based  to  a large  extent  on 
how  well  these  objectives  and  plans  support  the  company's  objectives. 
Indeed,  the  divisional  long  term  and  short  term  plans  finally  ac- 
cepted by  headquarters  and  the  specific  goals  they  contain  - a sales 
or  output  goal,  a profit  goal,  etc.  - are  a reflection  of  corporate 
objectives.  This  subsection  discusses  the  broad  objectives  of 
the  nine  major  military  airframe  builders.  While  recognizing  that 
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all  corporations  do  not  share  Identical  goals,  the  author  believes 

that  there  Is  sufficient  comnonallty  among  the  nine  firms  as  to 

broad  objectives  to  warrant  the  general  treatment  undertaken  here. 

Before  describing  the  objectives  of  these  firms.  It  will  help 

to  make  that  discussion  more  meaningful  If  the  sources  of  the 

firms'  objectives  are  discussed  first.  According  to  the  traditional 
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theories  of  the  firm,  the  objective  of  the  firm  Is  that  of  Ita 
shareholders,  and  the  firm  acts  so  as  to  maximize  shareholder  util- 
ity, which,  under  the  appropriate  assumptions,  reduces  to  maximiz- 
ing the  stock  market  value  of  the  firm's  equity.  According  to  an 
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alternative  point  of  view,  as  expressed  by  the  managerial  theories, 
the  objectives  of  the  firm  are  set  by  top  management,  and  profit- 
ability or  the  stock  market  value  of  equity  affect  managers  only  as 

constraints  on  their  discretion  to  pursue  alternative  objectives. 
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According  to  a third  point  of  view,  that  of  the  behavlorallsts, 
the  firm's  objectives  are  established  through  an  Internal  bargain- 
ing process  that  takes  place  among  the  various  special  Interest 
groups,  for  example,  the  labor  force,  the  marketing  staff,  technical 
staff,  shareholders,  top  management,  middle  management,  etc.,  that 
compromise  the  firm  and  Its  'o%mers'  . 

Based  on  personal  Interviews  with  executives  of  the  nine  firms. 

It  Is  the  belief  of  this  writer  that  none  of  the  three  views  dis- 
cussed in  the  preceding  paragraph  Is  entirely  correct.  Rather,  It 
Is  the  author's  view  that  the  objectives  of  each  firm  are  set  by 
top  management,  principally  the  president  and  the  chairman  of  the 

board  of  directors,  together  with  the  other  members  of  the  board 
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of  directors.  It  is  up  to  Cop  management  to  weigh  the  specific 
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objectives  of  the  various  special  Interest  groups,  to  resolve  any 
conflicts  that  might  arise,  and  to  ensure  compliance  on  the  part 
of  these  groups  with  regard  to  the  firm's  established  objectives. 

In  particular,  it  Is  the  board  of  directors,  which  Includes  rep- 
resentatives of  shareholders  and  top  management,  rather  than  the 
shareholders  themselves,  that  sets  the  firm's  dividend  policy  and 
that  also  makes  the  major  financial  and  Investment  decisions  that 
affect  the  firm’s  future  ability  to  pay  dividends.  It  is  also 
the  board  of  directors  that  sets  the  compensation  levels  for  top 
management.  Of  course,  the  relative  weights  assigned  to  a partic- 
ular set  of  objectives  could  vary  considerably  from  one  firm  to 
another,  depending,  for  example,  on  the  degree  of  Influence  of  one 
or  more  key  shareholders,  and  could  also  vary  over  time  for 
any  one  firm.  Yet,  the  role  of  top  management  In  establishing 
objectives  would  lag>ly  that,  to  the  extent  that  the  objectives  of 
managers  conflict  with  those  of  shareholders,  shareholders'  goals 

are  not  likely  to  be  follo%red  exclusively  (In  contrast  to  what  the 
traditional  theories  have  Implied),  and  the  role  of  the  key  share- 
holders In  establishing  the  objectives  of  the  firm  would  also  imply 
that  managers'  goals  are  not  likely  to  be  followed  exclusively 
either  (In  contrast  to  what  the  managerial  theories  have  Implied). 
Moreover,  In  establishing  objectives,  top  management  and  other 
directors  can  take  into  account  the  desires  of  the  various  special 
Interest  groups  within  the  firm,  as  suggested  In  the  behavlorallst 
approach,  but  In  a manner  suggestive  of  greater  consistency  In  over- 
all objectives  over  time  than  the  behavloralists  have  implied. 
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Broadly,  the  objectives  of  the  nine  oajor  nilitary  airframe 
builders,  as  interpret^  by  this  writer,  fall  into  five  classes: 

(1)  sales  objectives:  (il)  a profit,  or  earnings,  objective; 

(ill)  • product  quality,  or  in  the  case  of  weapons  systems,  weap- 
ons system  performance,  objective;  (iv)  a backlog,  or  new  busi- 
ness, objective;  and  (v)  a managerial  emoluments  objective.  The 
first  class  consists  of  multiple  objectives  In  order  to  reflect 
managements'  desire  to  balance  government  and  commercial  business, 
trhile  the  other  four  classes  consist  of  a single  objective  each. 

The  remainder  of  this  section  Is  devoted  to  a discussion  of  these 
five  classes  of  objectives. 

The  sales  objectives  reflect  top  managements'  interest  In 
size  and  diversification.  In  a model  of  the  typical  D(H)  airframe 
contractor  to  be  developed  In  a subsequent  paper,  four  sales  objec- 
tives will  be  specified,  one  each  for  sales  of  aircraft  and  re- 
lated parts  and  equipment  to  the  governront,  sales  of  other  prod- 
ucts to  the  government,  sales  of  aircraft  and  related  parts  and 
equipment  to  commercial  buyers,  and  sales  of  other  commercial  goods. 
Alternatively,  given  the  Initial  levels  of  these  quantities,  the 
four  objectives  could  be  restated  In  equivalent  form  as  growth 
objectives.  The  reason  for  stating  four  sales  objectives,  rather 
than  merely  having  two  - one  for  government  sales  and  one  for  com- 
mercial sales  - or  one  - combining  all  sales  figures  Into  a single 
measure  - Is  so  that  diversification  between  aircraft  and  non- 
aircraft  products,  as  well  as  diversification  between  government 
and  non-government  sales,  can  be  represented.  As  discussed  In  the 
previous  section,  several  of  the  nine  firms  have  In  recent  years 
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Cried  Co  develop  oev  comerclel  non-eerospace  vencures  and  Cwo 
of  Che  nine,  LTV  and  Rockwell,  are  already  widely  diversified 
away  from  govcrnawnc  salea  and  away  from  alrcrafC  sales.  In 
addlClon,  all  have  some  non'-alrcrafc  sales  Co  Che  governmenc  - 
chiefly  missiles  and  space  equlpmenC  or  ships.  They  are  InCer- 
esCed  In  dlveraifylng  In  Che  Cwo  general  dlrecClona  menCloned 
above.  Chough  aa  David  Lewis,  Chairman  of  General  Dynamics,  re- 
cencly  made  very  clear,  Chase  firms  are  going  Co  condnue  Co 
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acclvely  seek  governmenc  conCracCs  Co  produce  mlllcary  alrcrafC, 
and  diverslflcaCion  is  going  Co  cake  place  chrough  Che  expansion 
of  sales  in  comcrclal  and  non-alrcrafc  venCures  and  noc  chrough 
Che  Incenclonal  conCracClon  of  Chelr  airframe  business.  IC  Is 
felc  by  chls  wrlCer  chac  Che  value  of  Increased  sales  In  each  of 
Che  four  produce  areas  as  well  as  Che  ImporCance  of  relaclve  In- 
creases In  non-governmenc  and  non-aircrafe  sales  - l.e.  diversl- 
flcaCion - are  besc  capCured  by  sCacing  mulclple  sales  objeccives. 

The  second  obJecClvc,  which  relaces  Co  proflcs.  Is  ImporcanC 
for  ac  lease  Cwo  reasons.  Proflcs  serve  as  an  Index  of  Che  effi- 
ciency wlch  which  managemenc  employs  Che  firm's  asseCs.  Also, 
proflcs  serve  an  ImporcanC  financial  funcClon.  They  represenC 
Che  aurplus  of  revenue  over  coses  Chac  may  be  used  co  pay  divi- 
dends, and  Chereby  saClsfy  Che  owners  of  Che  firm's  equicy  shares) 
and,  afCer  dividends  have  been  paid,  Che  resuilnder  repreaenCs  re- 
calned  earnings  ChaC  may  be  used  Co  finance  new  InvesCmenc  In 
plane  and  equlpawnc  or  Co  acquire  oCher  firms. 

The  chlrd  objccClve,  malnCalnlng  high  produce  quallCy  and 
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strong  weapons  systsa  performance,  is  highly  important  to  the 

managers  of  these  firms,  many  of  whom  have  engineering  backgrounds 

and  many  of  whose  families,  for  example,  the  McDonnells  and  the 

Rockwells,  have  been  in  the  aerospace  business  for  generations. 

Product  quality  is  so  important  also  because  each  firm's  managers 

want  their  company's  name  associated  with  technical  excellence. 

Not  only  does  such  a reputation  help  foster  a favorable  public 

attitude  toward  the  firm,  but  it  also  helps  the  company  main*- 
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tain  its  position  as  a prime  contractor  and  can  contribute 
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to  sales  of  its  conmiercial  products  that  bear  the  company's  name. 
More  Importantly,  high  product  quality  and  strong  weapons  system 
performance  contribute  to  the  firm's  long  run  profitability. 

The  fourth  objective,  enlarging  the  business  backlog,  is  par- 
ticularly important  in  the  case  of  aircraft  sales,  where  production 
lead  times  are  normally  several  months  or  more  and  idiere  a tempo- 
rary shutting  down  of  a production  line  could  cost  several  million 
dollars.  A larger  backlog  provides  some  security  and,  as  discussed 
below  in  section  E,  pushes  the  firm's  going-out-of-business  curve 
outward  and  makes  the  task  of  long  term  planning  somewhat  easier. 

The  last  objective,  auinagerlal  emoluments,  reflects  managements' 
interest  in  its  own  level  of  compensation.  This  includes  not  only 
salary,  which  is  fully  taxable,  but  also  the  perquisites,  such  as 
stock  options,  the  earnings  on  which  are  taxed  at  the  lower  capital 
gains  rate  (provided,  of  course,  the  securities  are  held  long  enough 
to  qualify  for  special  tax  treatment),  and  expense  accounts,  company 
cars,  etc.,  which  are  not  taxable. 
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In  the  next  chapter  the  four  ealea  objectives  and  the  profit, 

product  quality,  backlog,  and  managerial  emoluments  objectives 
will  be  used  as  argusMnts  of  a managerial  utility  function  that 
%d.ll  constitute  the  objective  function  In  the  mathematical  pro- 
gramming formulation  of  the  typical  DOD  airframe  builder's  plan- 
ning problem.  For  the  purposes  of  this  descriptive  chapter,  how- 
ever, all  these  objectives  will  remain  In  the  background.  As 
part  of  the  long  term  and  short  term  planning  processes  described 
below,  top  management  evaluates  proposed  projects  In  terms  of  the 
five  classes  of  objectives,  and  an  Important  part  of  the  two 
planning  processes  Is  the  formulation  of  divisional  goals  and  ob- 
jectives, which  top  management  reviews  carefully  and  which,  once 
approved  by  top  management,  are  the  focal  point  around  which  the 
dlvlsonal  plans  are  structured. 

D.  THE  ENVIRONMENTAL  FORECAST 


1.  The  Corporate  Planning  Cycle 


The  corporate  planning  cycle  for  each  of  the  nine  major 


military  airframe  builders  consists  of  the  following  three  prl 


xy  phases:  preparation  of  the  environmental  forecast,  develop 


int  of  the  corporate  long  range  plan,  and  specification  of  the 


corporate  operating  plan.  These  phases  occur  sequentially  and 
together  they  span  the  company's  entire  fiscal  year.  That  Is, 


planning  for  fiscal  year  T and  beyond  takes  place  throughout 


fiscal  year  T-1 


The  primary  phases  of  the  corporate  planning  cycle  are 


Illustrated  In  Figure  VI-S.  Each  coapany'a  fiscal  year  Is  divided 
into  four  qtiarters.  During  the  first  quarter  of  year  T-1  the 
environaental  forecast  is  prepared.  During  the  second  and  third 
quarters  of  year  T-1  various  long  range  planning  studies  are 
carried  out  and  reviewed,  culminating  in  the  company's  long  range 
plan  for  yeara  T and  beyond.  During  the  fourth  quarter  of  year  T-1 
the  operating  plan  for  year  T is  established,  essentially  by  speci- 
fying the  first  year  of  the  long  range  plan  in  greater  detail. 
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Figure  VI-3  The  Corporate  Planning  Cycle 


2.  The  Environmental  Forecast:  Its. Purpose  and  Its  Structure 

The  publication  of  the  company's  environmental  forecast  and 
its  distribution  aanng  the  firm's  operating  divisions  initiates 
the  planning  cycle.  The  form  and  content  of  the  environmental  fore- 
cast may  vary  from  one  company  to  another.  In  some  cases  the  fore- 
cast is  a formal  document  that  carefully  analyses  and  tmlghs  political, 
social,  economic,  and  business  factors  that  may  in  the  future  have  an 
impact  on  the  firm.  In  other  cases  it  is  an  informal  paper  prepared 
by  a small  staff  who  gather  information  and  supporting  data  from  a 
variety  of  public  and  private  sources  to  highlight  those  significent 


factors  likely  to  affect  the  firm  in  the  future.  In  either  case 
the  purpose  of  the  environa«ntal  forecast  is  the  same. 

The  purpose  of  the  environmental  forecast  is,  as  its  name 
suggests,  to  summarize  within  a single  document  the  company's 
prognosis  of  the  most  likely  external  business  environment 
within  which  it  can  expect  to  operate  over  its  long  term  planning 
horizon.  More  Importantly,  the  environmental  forecast  establishes 
a cooBon  set  of  assumptions  that,  when  used  in  the  next  two  phases 
of  the  planning  cycle,  give  the  plans  of  the  individual  operating 
divisions  a vital  degree  of  consistency  that  would  otherwise  be 
lacking. 

The  environmental  forecast  is  written  in  conjunction  with  the 
firm's  operating  divisions,  each  of  which  is  asked  to  submit  to 
the  corporate  planning  staff  early  in  the  first  quarter  informa- 
tion within  its  area  of  expertise  that  is  relevant  to  its  planning 
problem.  Such  a procedure  has  two  main  advantages.  First,  the 
divisions  are  involved  In  the  planning  process  very  early  in  the 
planning  cycle  and,  since  they  provide  much  of  the  information  on 
which  the  environmental  forecast  is  based,  they  are  more  likely  to 
view  the  environmental  forecast's  projections  as  reasonable  than 
they  would  if  the  projections  had  been  developed  by  the  corporate 
planning  staff  trlthout  consultation.  Second,  the  corporate  plan- 
ning staff  can  utilize  the  marketing  expertise  that  is  available 
in  the  divisions,  thus  enabling  them  to  spend  more  time  on  analy- 
sis, rather  than  on  data  collection. 

The  structure  of  the  environmental  forecast  varies  from  one 
canq>any  to  another,  depending  on  the  needs  of  divisional  planners. 
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Generally,  Che  forecast  treats  three  main  subject  areas.  First, 

It  describes  the  international  environment  and  how  such  factors 
as  international  political  tensions  and  international  economic 
trends  are  likely  to  affect  world  demand  for  military  aircraft. 
Second,  it  discusses  the  domestic  political  and  economic  envi- 
ronment and  projects  the  size  of  Che  defense  budget  over  the  long 
term  planning  horizon.  Of  particular  concern  to  Che  company  is 
how  changes  in  the  defense  budget  might  affect  the  company's 
current  military  programs  as  well  as  any  future  military  programs 
on  tdilch  the  company  is  planning  to  bid.  Third,  it  discusses 
factors  relevant  to  the  specific  product  markets,  both  military 
and  commercial,  in  irtilch  Che  company  sells  its  goods.  For  example, 
if  Che  company  produces  commercial  aircraft,  such  factors  as  the 
expected  future  growth  of  airline  passenger  traffic,  the  expected 
future  groarth  of  air  cargo  shipments,  the  expected  future  Impact  of 
fuel  price  changes,  and  regulatory  trends,  would,  to  Che  extent  that 
meaningful  projections  can  be  made,  give  planners  in  the  commercial 
aircraft  division  a good  planning  base  from  which  to  work. 

A useful  by-product  of  the  process  leading  to  the  environmental 
forecast  is  a set  of  analyses,  one  for  each  operating  division, 
of  Che  strengths  and  weaknesses  of  the  company's  operations.  Each 
such  analysis  assesses  such  factors  as  the  strengths  and  weaknesses 
of  that  division's  products  in  relation  to  the  products  of  the  firm's 
major  competitors  (in  the  case  of  commercial  products)  and  problems 
chat  might  arise  in  connection  with  government  contracts  (in  the  case 
of  military  weapons  systems).  The  analysis  of  the  division's 
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In  conjunction  with  the  envlronaental  forecast  that  cones  down 
from  the  corporate  planning  staff  near  the  end  of  the  first  quarter 
to  formulate  the  division's  long  term  plan. 

E.  LONG  TERM  PLANNING:  P(»TFOLIO  SELECTION  AND  THE 
GOINO-OUT>OF-BUSINESS  CURl'E 

1.  Introduction 


The  second  phase  of  the  corporate  planning  cycle  consists 
of  long  term  planning.  The  purpose  of  long  term,  or  strategic, 
planning  is  to  determine  the  corporation's  business  strategy  over 
the  long  term  planning  horizon  - typically  a period  of  five  years' 
duration.  The  long  term  planning  process  leads  to  a long  term 
plan  for  each  of  the  firm's  operating  divisions  that  Is  consistent 
with  the  corporation's  goals  and  objectives  and  that  spells  out 
that  division's  role  - i.e.  Its  business  strategy  - In  meeting  the 
company's  goals  and  objectives. 

This  section  describes  the  long  term  planning  process  that  Is 
followed  within  the  nine  major  military  airframe  builders.  At  the 
outset  It  should  be  noted  that  long  term  planning,  as  practiced  by 
these  firms.  Is  not  designed  to  lead  necessarily  to  an  'optimum' 
plan.  The  planning  process  Is  an  Iterative  one,  as  described  be- 
low, though  the  Iterations  are  designed  to  achieve  feasibility  and 
robustness  rather  than  to  ensure  optimality.  During  the  long  term 
planning  process  headquarters  and  the  operating  divisions  search 
for  a long  term  plan  - essentially  a collection  of  business 
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strategies  together  with  the  facilities,  financial,  research  and 
development,  and  manpower  requirements  needed  to  support  them  - 
that  is  feasible  in  the  sense  of  leading  to  the  attainment  of  cor- 
porate goals  and  objectives  if  the  'expected'  environment  (as  de- 
scribed in  the  environmental  forecast)  materializes  and  that  is  also 
pobuet  in  the  sense  that  the  plan  will  also  permit  the  firm's  goals 
and  objectives  to  be  attained  if  the  business  environment  in  general, 
and  market  conditions  in  particular,  should  vary  from  what  is 
expected  in  a manner  that  top  management  perceives  as  reasonable. 

The  fact  that  these  firms  do  not  strive  for  a plan  that  is 
optimal  - in  the  sense  that  it  leads  to  a higher  level  of  managerial 
utility,  a higher  stock  market  value  of  the  firm's  equity,  or  a 
higher  value  of  some  other  function  or  quantity  than  any  other 
feasible  plan  - is  due  to  at  least  two  factors,  each  of  which  was 
mentioned  by  several  of  the  executives  Interviewed  by  the  author. 
First,  gathering  the  information  required  to  formulate  the  long 
term  planning  problem  as  an  optimization  problem,  say  as  a mathe- 
matical prograoning  problem,  would,  in  the  opinions  of  virtually 
all  the  executives  interviewed,  be  prohibitively  costly  in  terms 
of  time  and  money.  Second,  even  if  the  problem  could  be  formu- 

lated in  a manner  acceptable  to  top  management,  a solution  would 
have  to  be  obtained,  and  in  the  opinion  of  most  of  the  executives 
interviewed,  the  size  and  complexity  of  the  problem  would  make  it 
prohibitively  costljf  to  find  the  colutlon.  These  coat 

considerations  would  imply,  if  they  are  correct,  that  even  though 
the  long  term  plans  that  are  developed  are  not  necessarily  optimal, 
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the  planning  process  itself  may  be  optimal  > in  the  sense  that, 
of  all  the  procedures  available  for  achieving  any  particular  set 
of  feasible  and  robust  plans,  it  involves  the  least  cost. 


2.  Long  Term  Planning  at  the  Divisional  Level 


At  approximately  the  same  time  the  corporate  planning  staff 
releases  the  environmental  forecast  - late  in  the  first  quarter  or 
early  in  the  second  quarter  - top  management  distributes  among  the 
company's  operating  divisions  a statement  of  the  corporation's  long 
term  goals  and  objectives  and  a set  of  strategic  guidelines.  From 
this  point  onward  in  the  corporate  planning  cycle,  the  primary  or- 
ganizational responsibility  for  planning  shifts  from  headquarters 
to  the  operating  divisions.  The  corporate  planning  staff  continues 
to  be  Involved  in  the  planning  process,  but  its  role  Involves  co- 
ordinating the  planning  efforts  of  the  divisions,  analyzing  the 
plans  of  the  divisions,  and  amalgamating  the  plans  of  the  dlvlcions 
for  review  by  top  swnagement.  The  long  term  plans  themselves  are 
prepared  at  the  divisional  level. 

The  long  term  planning  process  ss  csrrlsd  out  at  the  divisional 
level  is  illustrsted  in  Figure  VI -4.  The  process  begins  with  the 
environsMntsl  forecsst  that  establishes  the  projected  future  states 
of  the  firm's  operating  snviroument  and  with  the  statement  of  cor- 
porate goals  end  objectives  and  the  set  of  strategic  guidelines  hand- 
ed down  by  top  management.  The  environmental  forecast  together  with 
the  set  of  strategic  guidelines  specify  the  constrslnts  imposed  by 
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top  ■anageoent,  within  which  the  division  must  develop  Its  business 
strategy. 

An  Important  part  of  the  long  term  planning  process  Is  the  prep- 
aration of  long  term  planning  studies,  most  of  which  are  carried 
out  at  the  divisional  level.  As  indicated  In  Figure  vi-4,  the  divi- 
sional long  term  planning  studies,  which  are  Initiated  In  the  first 
quarter,  are  the  basis  for  the  division's  Input  to  the  environmental 
forecast,  which,  in  turn.  Is  carefully  considered  by  top  management 
%rtien  It  formulates  the  corporation's  goals  and  objectives  and  the 
strategic  guidelines.  That  Is,  the  goals,  objectives,  and  guidelines 
do  reflect  what  top  management  perceives  as  the  firm's  likely  future 
operating  environment. 

Even  after  the  environmental  forecast  has  been  distributed,  the 
divisional  long  term  planning  studies  continue.  As  Indicated  In 
Figure  VI -4, the  later  long  term  planning  studies  generally  narrow  in 
focus,  providing  specific  market  analyses,  e.g.  the  state  of  future 
demand  In  specific  product  markets,  and  detailing  the  strengths  and 
weaknesses  of  the  division  vls-a-vls  the  division's  major  competi- 
tors In  each  of  Its  product  markets. 

Concomitant  with  the  preparation  of  the  planning  studies  Is 
the  formulation  of  the  division's  goals  and  objectives.  As  Indi- 
cated In  Figure  VI -4,  the  two  major  Inputs  used  by  divisional  man- 
agers are  the  environmental  forecast  and  top  management's  state- 
ment of  corporate  goals  and  objectives.  The  divisional  goals  and 
objectives  are  submitted  to  top  msnagement,  which  must  approve 
them  before  long  term  planning  can  proceed  any  further. 
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After  the  divisional  goals  and  objectives  have  been  approved 
and  the  division's  long  term  marketing  studies  and  Its  assess- 
ment of  Its  strengths  and  weaknesses  have  been  completed,  the 
division's  management  prepares  the  division's  long  term  business 
strategy  for  achieving  Its  goals  and  objectives,  and  by  Implica- 
tion, for  achieving  the  goals  and  objectives  of  the  corporation. 
The  business  strategy  covers  such  Items  as  product  design,  pricing 
policy,  development  of  new  customer  relationships,  etc.,  for  ex- 
isting product  lines  as  well  as  Its  strategies  concerning  new 
product  lines,  l.e.  In  which  dlrectlon(s)  It  Intends  to  diversify, 
what  new  product  lines  It  Intends  to  develop,  when  the  new  prod- 
ucts should  be  Introduced  to  the  market  place,  for  what  upcoming 
government  programs  It  Intends  to  bid,  etc.  From  the  divisional 
business  strategy  flows  sales  estimates  for  existing  product  lines 
and  the  new  business  plan. 

Generally,  the  business  strategy  Is  developed  and  sales  es- 
timates are  generated  and  the  new  business  plan  Is  formulated  by 
product  line  and  by  government  contract.  Often  the  corporation's 
principal  operating  units  will  consist  of  several  subdivisions 
each,  with  each  subdivision  responsible  for  one  or  more  Individual 

product  lines.  One  of  the  tasks  assigned  to  the  planning  staff 
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of  the  division  - l.e.  the  principal  operating  unit  - is  to 
Integrate  the  various  sales  estimates  provided  by  these  subdivi- 
sions with  the  new  business  plan  for  the  division  In  order  to 
establish  the  following  plans:  (1)  the  technical  plan,  which 
lists  the  technical  requirements  and  the  size  of  the  technical 
staff  and  the  amount  of  funds  needed  to  support  the  division's 
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carried  out,  but  environmental  conditions  change  from  vhat 
has  been  anticipated,  how  seriously  will  the  corporation's 
ability  to  meet  its  goals  be  Impaired?  Top  management 
is  also  likely  to  check  for  other  desirable  characteristics, 
such  as  flexibility  - i.e.  is  the  plan  sufficiently  flexible 
that  certain  actions  can  be  postponed  without  having  severe 
consequences  for  other  parts  of  the  plan,  or  does  the  plan 
call  for  substantial  Irreversible  Investments  very  early  in 
the  planning  period?  If  any  of  the  divisional  plans  require 
modification,  they  are  returned  to  the  division.  As  indi- 
cated In  Figure  VI-4,  the  division  will  probably  have  to  alter 
its  business  strategy.  Once  the  long  term  plan  has  been  ac- 
cepted by  headquarters,  the  long  term  planning  phase  of  the 
corporate  planning  cycle  has  been  completed. 

The  above  description  of  the  long  term  planning  process 
was  intentionally  kept  general  in  order  to  give  the  reader 
an  intuitive  feel  for  the  overall  process.  The  remainder 
of  this  section  loOKs  c?  Important  aspects  of  this  overall 
process  more  closely. 

3.  Long  Term  Planning:  Government  Sales  and  the 

Golng-Out-Of-Buslness  Curve 

The  description  of  the  long  term  planning  process 
provided  in  the  preceding  subsection  did  not  distinguish 
betiMen  government  sales  and  coimnercial  sales.  In  Figure  VI -4 
government  sales  and  commercial  sales  were  lumped  together 
In  the  blocks  labeled  'sales  estimates  for  existing  product 
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lines'  end  'new  business  plan'  . Yet,  because  of  Che  impor- 
tant differences  between  doing  business  with  Che  government 
and  doing  business  trlch  commercial  customers,  which  were 
discussed  in  section  B,  the  long  term  planning  process  must 
treat  these  two  classes  of  sales  somewhat  differently.  This 
subsection  discusses  long  term  planning  for  government  sales, 
and  the  next  discusses  long  term  planning  for  commercial  sales. 

Long  term  planning,  as  it  relates  to  government  sales, 
involves  the  two  types  of  planning  Indicated  in  Figure  VI -4: 

(1)  planning  for  the  future  resource  requirements  implied 
under  existing  government  production  contracts  and  under  an- 
ticipated follow-on  government  production  contracts  and  (11) 

' determining  Che  upcoming  government  programs  on  %rhlch  to  bid 

I ( and  planning  for  the  resources  - particularly  technical  staff 

and  research  and  development  facilities  requirements  - required 
Co  launch  a successful  bid  for  each.  One  of  Che  devices  plan- 
ners use  to  illustrate  both  aspects  of  government  sales  planning 
is  what  is  called  the  golng-ouC-of-business  curve,  an  example 
! of  i^lch  is  the  heavy  curve  in  Figure  VI-5.  The  golng-out-of- 

business  curve  shows  what  would  happen  to  government  sales  if 
current  programs  were  not  extended  beyond  their  present  ter- 


mination dates  and  if  no  new  programs  were  won.  If  the  viability 
of  the  division  were  heavily  dependent  on  government  sales. 


1 

Chen  a lack  of  extensions  and  an  absence  of  new  programs  could 


literally  drive  Che  division  out  of  existence  (and  hence  the 
curve's  name).  The  sales  Impact  of  new  programs  the  division 
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Figure  VI-5  Go Ing-Out-Of -Business  Curve 
With  Overlays 
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hopes  to  vln  and  contract  extensions  It  hopes  to  be  granted 
can  be  overlaid,  as  shotm  In  the  figure,  to  provide  a graphical 
representation  of  government  sales  for  each  year  covered  by  the 
long  term  ,>lan.  Each  of  the  modified  golng-out-of-buslness 
curves  shows  the  growth  pattern  of  government  sales  over  the  long 
term  planning  period,  contingent  upon  contract  extensions  and/or 
new  programs. 

The  type  of  planning  that  Is  done  for  existing  government 
programs  - those  that  underlie  the  golng-out-of-buslness 
curve  - depends  on  whether  the  program  Is  In  the  production 
stage  or  In  the  development  and  testing  stage.  For  production 
contracts,  planning  la  relatively  easy  since  the  required  tech- 
nical advances  have  already  been  made,  and  In  the  case  of  air- 
craft production,  the  division  Is  likely  to  have  estimated  the 
position  of  the  learning  curve.  Production  planning,  which  Is 
based  largely  on  projections  of  future  needs  supplied  to  the 
contractor  by  the  government.  Is  concerned  mainly  with  manpower 
and  facilities  needs.  In  aircraft  production  the  direct  labor 
Input  per  airplane  will  fall  as  the  cumulative  number  of  air- 
craft produced  Increases  due  to  the  learning  curve  effect  dis- 
cussed In  section  B.  A second  factor  that  needs  to  be  considered 
In  production  planning  Is  the  program's  peak  production  rate  - 
seldom  do  programs  call  for  a uniform  production  rate  - for  this 
can  affect  the  need  for  plant  floor  space  and  storage  space  for 
inventories  of  parts  and  equipment.  A third  factor  Is  the  pro- 
gram's tennlnatlon  risk.  If  termination  occurs,  the  dlvlson 
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will  find  Itself  with  excess  capacity  unless  some  contingency 

use  for  the  facilities  has  been  planned.  However,  according 

to  the  executives  Interviewed  by  the  author,  estimation  of  the 

termination  risk  Is  so  highly  subjective  as  to  be.  In  practice, 

of  little  use.  In  addition,  the  overcapacity  that  exists 
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throughout  much  of  the  Industry  and  the  limited  alternative 
uses  to  which  these  production  facilities  can  be  put.  Imply 
that  termination  will  in  most  cases  result  In  additional  sparce 
capacity  until  such  time  as  a new  program  can  be  won. 

For  development  and  testing  contracts  the  planning  required 
is  more  difficult  than  for  production  contracts  because  the 
division  and  the  firm  are  Interested  In  making  the  required 
technical  advances  within  the  required  time  and  within  the 
projected  costs.  The  prediction  of  the  resources  - mainly 
engineering  and  design  personnel,  development  facilities,  and 
the  facilities  and  manpower  required  to  assemble  the  test  and 
evaluation  aircraft  - needed  to  develop  the  product  called  for 
under  the  contract  Is  Inherently  more  difficult  chan  projecting 
production  resource  requirements  and  costs*  Even  though  de- 
velopment and  testing  contracts  are  typically  of  the  cost-plus 
variety,  thereby  reducing  Che  firm's  share  of  Che  overall  cost 
risk  below  what  It  would  be  under  a fixed  price  contract,  the 
contractor  is  anxious  Chat  its  customer  - the  govermMnt  - be 
satisfiad  with  the  final  product.  It  is  important  that  the 
product  perform  well  enough  and  Chat  its  cost  of  production  be 
kept  low  enough  Chat  production  funding  will  not  be  threatened. 

O 
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Indeed,  several  executives  told  the  author  that  their  companies 
would  make  additional  improvesMints  not  called  for  in  the  contract, 
possibly  even  when  there  was  virtually  no  chance  of  immediate  re- 
imbursement for  coets  incurred,  in  order  to  improve  the  product's 
performance  and  thereby  increase  the  likelihood  of  a larger  and 
longer  production  run. 

The  type  of  planning  that  must  be  carried  out  for  new  pro- 
grams - planning  that  Involves  the  allocation  of  scientific  and 
research  talent,  the  allocation  of  IS&D  funds  plus  the  company's 
own  research  and  developownt  funds,  and  the  allocation  of  engi- 
neering and  design  personnel  and  manpower  and  facilities  to  be 
used  in  the  development  of  such  items  as  prototypes  that  will  be 
flown  in  a coq>etitlon  to  determine  the  winner  of  relatively  more 
lucrative  production  contracts  - is  more  difficult  than  the  plan- 
ning that  is  conducted  for  existing  programs.  The  uncertainitles 
and  business  pressures  are  normally  greater  since  the  division 
is  interested  not  only  in  meeting  the  specifications  of  the  re- 
search and  prototype  development  contracts  assigned  to  it  by 
headquarters,  but  also  in  placing  the  company  in  an  advantageous 
position  for  any  follow-on  contracts. 

The  efficient  sllocstion  of  research  and  development  funds 
snd  personnel  is  of  critical  Importance  to  the  firm  because  of 
the  long  lead  times  required  for  research  and  development  snd 
also  because  of  the  smell  number  of  new  major  programs.  In  plsn- 
ning  their  research  and  development  program,  the  division  and  the 
company  must  have  some  conception  of  what  the  government's  needs 
will  be  msny  years  in  sdvance.  For  this  reason,  long  term  planning 
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studies  often  try  to  look  out  beyond  the  Department  of  Defense's 
Five  Year  Defense  Plan  In  order  to  predict  the  military's  needs 
far  enough  In  advance  to  permit  the  necessary  research  to  be  under- 
taken. In  other  words,  one  of  the  responsibilities  with  which 

divisional  planners  are  charged  Is  the  responsibility  of  allocating 
'pure  research'  moneys  - some  of  which  are  reimbursed  through  IR&D 
awards  - In  such  a way  that  the  company  (and  the  division)  will  have 
accumulated  a sufficient  store  of  technical  and  scientific  skills 
by  tlie  time  a new  program  Is  formally  announced  to  be  competitive 
In  Its  attempt  to  win  the  program. 

In  allocating  the  research  and  development  resources  over 
proposed  new  programs,  divisional  planners  must  analyze  the 
risks  and  potential  returns  associated  with  possible  new  pro- 
grams and  allocate  the  resources  to  those  programs  most  likely 
to  lead  to  accomplishment  of  the  division's  goals  and  objectives. 
Generally,  It  Is  Impossible  for  a company  to  bid  competitively 
on  every  major  new  program,  so  selectivity  Is  required,  and 
typically,  the  decision  as  to  the  major  new  programs  the  company 
Is  going  to  try  to  win  will  be  made  by  top  management  and  will 
be  Incorporated  within  the  company's  and  within  the  appropriate 
division's  goals  and  objectives.  It  Is  then  up  to  that  division's 

managers  and  planners  to  allocate  the  division's  research  and 
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development  resources  to  meet  those  goals  and  objectives. 

4.  Long  Term  Planning:  Commrclal  Sales 

As  In  the  case  of  government  sales,  planning  for 
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comnerlcal  sales  is  best  treated  as  two  types  of  planning: 

(I)  planning  resource  requirements  for  existing  product  lines  and 

(II)  planning  resource  requirements  for  new  business.  Including 
both  new  products,  e.g.  a new  generation  of  comnerclal  passen- 
ger aircraft,  and  new  lines  of  business,  e.g.  the  acquisition 
of  another  company  as  part  of  a diversification  strategy.  Both 
aspects  of  ccmmerclal  sales  planning  are  discussed  below. 

In  general,  the  factors  that  must  be  considered  when  plan- 
ning commercial  sales  are  different  from  those  that  must  be 
considered  when  planning  government  sales.  Variations  In  gov- 
ernment sales  are  due  to  changes  in  the  needs  of  the  sole 
customer  or  to  changes  In  the  sole  customer's  ability  to  pur- 
chase weapons  that  result  from  changes  In  the  levels  of 
Congressional  funding  of  major  weapons  system  programs,  which 
In  turn  can  often  be  traced  to  political  factors,  l.e.  to  the 
political  cycle.  In  contrast,  commercial  sales  are  made  to  a 
variety  of  customers  who  select  from  among  a variety  of  products 
that  can  meet  their  needs  and  whose  ability  to  pay  Is  largely 
affected  by  the  condition  of  their  balance  sheets  and  by  the 
state  of  demand  for  their  goods  and  services,  which  In  turn  can 
be  traced  to  a variety  of  economic  factors,  l.e.  to  the  business 
cyclm. 

Long  term  commercial  sales  planning  for  existing  product 
lines  requires  a careful  analysis  of  each  competitor's  products, 
and  unlike  sales  of  existing  products  to  the  government,  which 
take  place  under  conditions  of  bilateral  monopoly,  commercial 
markets,  such  as  those  for  comawrclal  passenger  aircraft,  are 
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usually  served  by  a nunber  of  producers,  each  of  which  carefully 
watches  its  market  share  - Its  percentage  of  total  market  sales. 
In  the  case  of  conaBerclal  aircraft,  planning  for  production  Is 
similar  to  planning  for  the  production  of  military  aircraft  in 
that  the  learning  curve  effect  must  be  taken  Into  account.  How- 
ever, whereas  a single  contract  for  military  aircraft  %rlll  spec- 
ify the  delivery  schedule,  and  by  implication,  the  production 
schedule,  for  that  aircraft  for  a year,  the  production  schedule 
for  commercial  aircraft  Is  typically  less  certain  since  the 
number  of  customers  Is  much  greater;  since  the  continued  ability 
of  each  purchaser  to  pay  for  the  planes  It  has  agreed  to  buy  Is 
somewhat  less  certain;  since  each  comnerclal  customer's  purchase 
of  a particular  aircraft  Is  more  easily  postponed  both  because 
coomierclal  aircraft  can  be  leased  and  because  the  introduction 
of  a new  commercial  aircraft  does  not  normally  have  associated 
%d.th  It  the  sense  of  urgency  that  typically  accompanies  the 
Introduction  of  a new  military  aircraft;  and  since  a potential 
sale  can  be  lost  to  one  of  the  commercial  producer's  competitors. 
Hence  long  term  planning  for  sales  of  commercial  aircraft,  as 
well  as  for  sales  of  other  coimnercial  products,  requires  con- 
tingency planning  In  the  form  of  'high'  and  'low*  sales  esti- 
mates for  each  year.  In  addition  to  the  'best'  estimate  of 
future  sales  for  each  year.  In  the  case  of  commercial  aircraft, 
the  best  estimates  are  obtained  after  careful  analyses  of  trends 
In  first,  commercial  airline  passenger  traffic  and  second.  In  the 
future  demsnd  for  air  cargo  shipments  have  been  performed.  These 
analyses  are  used  to  project  future  comewrclal  airline  fleet 
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requlrenents  for  new  aircraft,  and  In  light  of  financial  projections, 
to  predict  the  likely  demand  for  new  aircraft  In  each  year  over 
the  long  term  planning  period.  The  'high'  and  'low'  estimates 
may  be  obtained  by  applying  some  simple  rule  of  thumb,  such  as 
'add  10  percent  to  the  best  estimate  to  obtain  the  high  esti- 
mate and  subtract  10  percent  from  the  best  estimate  to  obtain 
the  low  estimate  for  each  year' . Alternatively,  high  and  low 
estimates  may  be  obtained  by  varying  the  assumptions  on  which 
the  best  estimates  were  based  and  by  applying  the  same  esti- 
mation procedures  to  an  'optimistic*  set  of  assumptions  and 
to  a 'pessimistic'  set  of  assumptions.  As  illustrated  below 
by  Figure  VI-6,  this  results  In  three  sets  of  demand  projections 
for  each  year,  one  for  each  of  three  states  of  nature:  the 
expected  state,  as  specified  In  the  environmental  forecast, 
the  optimistic  state,  and  the  pessimistic  state. 


Delivered 

Aircraft 


Figure  VI-6  projections  of  Long  Term  Demand  for  Connerclal 
Aircraft 


One  of  top  management's  more  difficult  decisions,  which  can 
greatly  affect  the  long  term  plan,  la  the  decision  regarding 
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there  are  several  factors  that  need  to  be  considered.  These 
Include  the  product  line’s  compatibility  - In  terms  of  the  nature 
of  the  product  and  the  requirements  for  marketing  It  - with 
existing  product  lines,  the  need  to  hire  production  and  staff 
workers,  the  need  to  purchase  equipment,  and  the  financial  re- 
sources that  will  have  to  be  tied  up  In  the  new  product  line. 

In  addition,  if  diversification  Is  to  take  place  by  external 
means,  there  Is  the  problem  of  selecting  a takeover  candidate 
and  launching  a successful  bid  for  a controlling  Interest  In 
the  firm.  Normally  these  decisions  and  the  required  financial 
arrangements  are  made  at  the  headquarters  level,  although  the 
formulation  of  the  technical,  manpower  and  production,  facili- 
ties, and  financial  plans  Involving  the  new  product  line  are 
the  responsibility  of  the  division  to  which  the  new  product 
line  has  been  assigned. 

Once  the  sales  estimates  and  new  business  plans  for  both 
commercial  sales  and  government  sales  have  been  prepared  and 
reviewed  by  divisional  management,  divisional  planners  can 
derive  the  technical  plan,  the  manpower  and  production  plan, 
and  the  facilities  plan  for  the  division  as  a whole,  and  then 
from  these,  the  division's  financial  plan.  From  there  the 
long  term  planning  process  proceeds  as  described  In  subsection 
2 of  this  section. 

5.  Long  Term  Planning:  Human  Capital  and  Fixed  Capital 

The  preceding  subsection  explored  several  of  the  Im- 
portant planning  considerations  that  underlie  the  blocks 


9 


r 


labeled  'sales  estimates  for  existing  product  lines'  and  'new 

business  plan'  In  Figure  VI -4.  This  subsection  deals  with  the 

next  stage  In  the  divisional  long  term  planning  process,  and 

In  particular,  with  the  technical  plan  and  with  the  facilities 

plan.  The  former  Is  primarily  concerned  with  the  allocation 

of  the  division's  scientific  and  engineering  talent  - human 

capital  - whereas  the  latter  Is  mainly  concerned  with  the 

allocation  of  plant  and  equipment  - fixed  capital. 

The  economic  literature  In  recent  years  has  contained  many 

books  and  papers  that  have  explored  the  economic  significance 
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of  human  capital.  The  purpose  of  this  section  Is  not  to 

review  that  literature,  but  rather.  It  Is  first,  to  characterize 
human  capital  and  to  Indicate  Its  Importance  to  the  major  mili- 
tary airframe  builders,  and  second,  to  Indicate  how  the  exis- 
tence and  Importance  of  human  capital  affect  the  long  term 
planning  process  In  these  firms. 

Following  Schultz  and  others,  a firm's  'human  capital*  Is 
defined  as  the  scientific  and  technical  knowledge  and  skills 

embodied  in  the  scientists,  engineers,  designers,  and  techni- 
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clans  who  work  for  the  firm.  In  contrast,  fixed  capital 
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consists  of  durable  goods  such  as  plant  and  equipment. 

Both  types  of  capital  are  valued  by  the  firm  for  the  services 
they  provide.  In  the  case  of  human  capital,  there  are  the 
services  provided  during  the  research  and  development  phases 
of  a weapons  system  program,  and  In  the  case  of  fixed  capital, 
there  are  the  services  provided  during  the  production  phase  of 
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the  program.  In  addition,  both  types  of  capital  normally 

require  an  Investment  on  the  part  of  the  firm.  Fixed  capital 
Is  normally  purchased  and  maintained  by  the  firm,  although 
firms  often  lease  plant  and  equipment,  while  human  capital 
must  be  accumulated  through  research  and  development  activi- 
ties funded,  at  least  In  part,  by  the  firm,  although  firms  can 
In  a sense  lease  human  capital  by  hiring  engineers  and  scientists 
who  have  worked  on  similar  projects  for  other  aerospace  firms. 

There  are  also  Important  differences  between  human  capital 
and  fixed  capital.  First,  human  capital  tends  to  accumulate 
through  use  (l.e.  experience)  as  skills  and  techniques  are  ac- 
quired and  as  valuable  lessons  are  learned  from  past  mistakes, 
whereas  fixed  capital  tends  to  deteriorate  through  use.  Second, 
the  typical  airframe  builder  tends  to  enjoy  greater  flexibility 
In  Its  use  of  human  capital  than  In  Its  use  of  fixed  capital. 
Human  capital  can  be  gained  or  disposed  of  through  the  hiring 
or  laying  off,  respectively,  of  an  Individual,  whereas  fixed 
capital,  which  comes  In  larger  units,  typically  requires  much 
greater  cash  outlays  when  acquired  and,  because  of  the  limited 
alternative  uses  for  much  of  the  equipment,  often  can  be  sold 
only  at  a loss.  Third,  knowledge  and  skills  are  transferable 
so  that  Improvements  In  human  capital  can  be  transmitted  from 
one  Individual  to  another,  whereas  embodying  technological  Im- 
provements In  machinery  more  often  requires  that  a completely 
new  machine  be  built.  Fourth,  due  to  differences  In  Individual 
learning  ability  and  due  also  to  the  Importance  of  recent 
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experience  on  similar  projects  to  the  learning  effect  that  underlies 
the  growth  of  human  capital,  the  quality  of  human  capital  about 
to  be  hired  by  a firm  Is  generally  more  difficult  for  a manager 
to  evaluate  than  the  quality  of  a piece  of  equipment  for  which 
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engineering  specifications  and  various  test  data  are  available. 

Fifth  and  last,  it  is  possible  to  order  a particular  piece  of 
equipment  or  a plant  meeting  certain  specifications,  but  to 
hire  an  Individual  with  the  requisite  scientific  background 
and  experience  can  Involve  a costly  and  time-consuming  search 
process.  It  should  be  noted  that  the  last  two  factors  are  two 
of  the  major  reasons  why  the  major  airframe  builders  are  anxious 
to  stabilize  their  scientific,  engineering,  design,  and  technical 
staffs. 

The  Importance  of  human  capital  to  the  major  airframe  builders 
lies  In  the  role  each  firm's  scientists,  engineers,  designers,  and 
technicians  play  during  the  research  and  development  phases  of  a 
major  weapons  program.  As  discussed  In  section  B,  the  develop- 
ment of  a new  generation  of  aircraft  typically  calls  for  several 
advances  In  the  state  of  the  art.  Second,  the  military  buyer 
typically  outlines  Its  needs  for  a new  weapons  system,  but  leaves 
It  up  to  the  several  firms  willing  to  enter  the  competition  for 
the  program  to  submit  specific  designs.  Similarly,  the  develop- 
ment of  a prototype  requires  a great  deal  of  engineering  and  de- 
sign work,  and  as  the  performance  and  overall  effectiveness  - 

l.e.  the  quality  - of  whet  Is  produced  weighs  so  heavily  In  the 
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final  decision,  the  firm's  success  In  winning  new  programs 
Is  heavily  dependent  on  how  well  Its  scientists,  engineers. 
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designers  and  technicians  perform. 

The  implications  of  the  critical  role  played  by  human 
capital  for  the  long  term  planning  process  of  the  major  airframe 
builders  are  first,  that  scientists,  engineers,  designers,  and 
technicians  are  treated  as  a class  of  labor  distinct  from  pro- 
duction %K>rkers,  and  second,  that  these  highly  skilled  workers 
are  treated  more  like  fixed  capital  than  like  labor.  That  is, 
planners  make  a conscious  effort  to  time  phase  major  programs 

in  such  a way  that  the  staff  embodying  human  capital  can  re- 
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main  fully  employed  and  reasonably  stable  over  time.  It 

may  also  mean  that,  on  occasion,  a firm  will  bid  on  a program 

or  on  a piece  of  a program,  at  least  in  part,  because  it  needs 

work  to  provide  stable  employment  opportunities  for  its  scien- 

( tific  and  technical  staff. 

Due  to  the  overcapacity  throughout  much  of  the  airframe 

industry,  which  was  discussed  in  section  B,  as  well  as  the 

paucity  of  new  major  weapons  programs,  it  is  the  allocation 

of  human  capital,  rather  than  the  allocation  of  fixed  capital 

that  is  the  more  critical  capital  allocation  problem  facing 

these  firms'  planners.  In  particular,  the  decline  in  aircraft 

sales  since  1968  has  forced  over  70,000  scientists,  engineers, 
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and  technicians  to  leave  the  industry,  many  of  them  for 
good,  and  this  decline  in  the  pool  of  available  talent  has 
made  the  airframe  builders  increasingly  reluctant  to  release 
these  people  for  fear  that  in  the  future  they  might  not  be 
able  to  rehlre  sufficient  numbers  when  the  need  arises.  While 
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under  more  favorable  buainess  conditions,  with  demand  pressing 
against  capacity,  the  airframe  builders  would  also  face  the 
problem  of  having  to  decide  how  to  allocate  spare  productive 
capacity  and  the  decision  as  to  whether  to  expand  productive 
capacity,  the  fixed  capital  allocation  problem  Is  not  a pres- 
sing one  at  the  present  time. 


6.  Long  Term  Planning  as  a Portfolio  Selection  Problem 

Up  to  this  point  In  this  section,  the  discussion  has 
been  mainly  descriptive,  rather  than  analytical,  and  has  fo- 
cused on  long  term  planning  at  the  divisional  level.  This 
subsection  considers  long  term  planning  at  the  headquarters 
level  and  suggests  that.  In  reviewing  the  amalgamated  divi- 
sional plans,  top  management  approaches  the  long  term  plan- 
ning problem  In  much  the  same  way  that  an  Individual  Investor 
approaches  the  problem  of  selecting  the  portfolio  of  securi- 
ties that.  In  terms  of  his  relative  risk  aversion,  provides 
the  proper  balance  of  risk  and  return. 

Aa  Indicated  In  Figure  VI -A,  once  the  division  has  comple- 
ted Its  financial  plan,  which  lists  the  financial  requirements 
Implied  by  Its  technical,  manpower  and  production,  and  facil- 
ities plans.  It  submits  these  four  plans  together  with  the 
new  business  plan  to  the  headquarters  planning  staff  for  their 
review.  The  headquarters  planning  staff  may  require  that  cer- 
tain divisions  modify  their  plans.  After  the  required  modi- 
fications have  been  made  to  the  satisfaction  of  the  corporate 
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planning  staff,  the  divisional  long  tern  plans  are  amalgamated 
into  a provisional  corporate  long  term  plan,  which  Is  typically 
broken  down  Into  a corporate  new  business  plan,  a corporate 
technical  plan,  a corporate  manpower  and  production  plan,  a 
corporate  facilities  plan,  and  a corporate  financial  plan,  each 
of  which  Is,  with  the  exception  of  the  corporate  financial  plan, 
an  amalgamation  of  the  respective  divisional  plans. 

In  addition,  there  may  be  one  or  more  divisions  that  perform 
support,  rather  than  operational,  duties.  For  example,  there 
may  be  a computer  services  division  that  provides  for  all  the 
data  processing  needs  of  the  operating  divisions  but  does  not 
sell  to  outside  users.  Even  If  it  sells  to  outside  users,  these 
sales  may  be  peripheral  to  the  division's  support  function.  In 
that  case,  the  headquarters  planning  staff  may  find  It  more 
efficient  from  a planning  standpoint  to  have  the  support  division 
estimate  only  the  external  demand  (If  any)  for  Its  services  and 
to  estimate  the  internal  demand  for  the  support  services  at  the 
same  time  It  amalgamates  the  plans  of  the  operating  divisions. 
External  and  Internal  demands  for  support  services  would  then 
be  combined  and  the  various  provisional  corporate  plans  would 
be  revised  accordingly.  Finally,  the  provisional  corporate 
plans  are  prepared  In  summary  format  for  review  by  top  manage- 
ment and  are  then  forwarded  for  their  scrutiny. 

One  of  top  Mnagement's  greatest  concerns  Is  the  corporate 
financial  plan,  which  indicates  the  financial  needs  of  the  cor- 
poration over  the  long  term  as  trail  ss  the  anticipated  Impact 
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of  the  new  business,  technical,  manpower  and  production,  and 
facilities  plans  on  the  firm's  financial  statements.  In  ad- 
dition, since  all  funds  generated  Internally  that  are  avail- 
able for  distribution  as  dividends  or  for  reinvestment  are 
allocated  by  top  management,  and  since  all  funds  that  are 
raised  externally  must  be  raised  through  the  Issuance  of  debt 
or  equity  financial  Instruments  or  through  a loan  agreement 
with  one  or  more  banks.  In  either  case  handled  through  the 
corporate  controller.  It  Is  necessary  to  add  top  manage- 
ment's plans  for  obtaining  the  financial  resources  - l.e.  the 
money  capital  - needed  to  fund  the  activities  of  the  operating 
divisions  to  the  amalgamated  divisional  financial  plans. 

In  reviewing  the  corporate  financial  plan  and  the  other 
four  plans  that  comprise  the  overall  corporate  long  term  plan, 
top  management  faces  a multiperiod  portfolio  selection  prob- 
lem. Associated  with  each  of  the  product  lines  that  the  di- 
visions plan  to  continue  and  also  with  each  of  the  new  business 
ventures  planned  are  (1)  an  expected  return  - a contribution 
to  corporate  net  operating  income  - for  each  year  out  to  the 
long  term  planning  horizon  and  (11)  various  risks,  which  fall 
within  the  categories  discussed  In  section  1.  These  risks  can 
have  a major  Impact  on  the  corporation's  overall  financial  risk. 
In  sddltlon,  the  product  lines  snd  projects  must  also  be  evalu- 
sted  In  tenM  of  the  contribution  of  each  to  the  other  objectives 
of  the  corporation.  The  firm's  present  financial  health  as  %iell 
as  Its  capacity  for  borrowing  limit  the  extent  to  which  current 
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conBltments  can  be  undertaken,  thereby  lapoalng  a "budget 
conatralnt,"  while  current  conmltnents  will  affect  future 
eamlnga  and  future  borrowing  capacity,  which  In  turn  will  Halt 
the  extent  to  which  future  comBltnents  can  be  undertaken^ 

The  foregoing  suggests  what  the  author  believes  could  prove 
to  be  an  Interesting  analytical  approach  to  understanding  the 
typical  airframe  builder's  long  term  planning  problem.  A somewhat 
different,  though  not  Inconsistent,  approach  Is  adopted  In  the  next 
chapter. 


7 . Sunoary 

This  section  has  described  the  typical  airframe  builder's 
long  term  planning  process  - the  second  of  the  three  phases  of 
the  corporate  planning  cycle.  Key  elements  In  the  planning  pro- 
cess were  highlighted,  the  special  treatment  accorded  human  cap- 
ital was  discussed,  the  headquarters  planning  staff's  role  In 
coordinating  divisional  planning  and  In  amalganutlng  divisional 
plans  In  order  to  prepare  an  overall  corporate  long  term  plan 
for  review  by  top  management  was  described,  and  the  formulation 
of  the  corporate  long  term  financial  plan  urns  discussed.  In 
addition,  an  analytical  approach  to  modeling  top  management's 
role  In  the  long  term  planning  process  was  suggested. 

The  next  section  describes  the  short  term  planning  process 
and  Indicates  how  consistency  between  the  long  term  plan  Just 
discussed  and  tha  short  term  plan  Is  achieved. 


F.  SHORT  TERM  PLANNING:  ANNUAL  BUDGET  PREPARATION 


1 . Introduction 

The  third  phase  of  the  corporate  planning  cycle  involves 

the  preparation  of  the  short  term,  or  operating,  plan,  which  Is 

generally  carried  out  for  the  first  year  of  the  long  term  plan- 
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nlng  period  only.  The  annual  operating  plan,  which  for  rea- 

sons of  consistency.  Is  derived  from  the  corporate  long  term 
plan,  provides  much  greater  detail  for  the  period  covered  than 
does  the  long  term  plan. 

The  annual  operating  plan  Is  presented  In  the  form  of  a 
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detailed  budget.  Unlike  the  long  term  plan,  which  Is  mainly 

concerned  with  the  allocation  of  capital  resources  and  with  the 
development  of  strategies  and  plans  whose  main  Impact  will  be  on 
sales  and  earnings  five  years  or  more  Into  the  future,  the  short 
term  plan  Is  mainly  concerned  with  the  allocation  of  variable  re- 
sources and  with  the  development  of  strategies  and  plans  that 
will  largely  determine  sales  and  earnings  within  the  next  year. 
Vfhereas  the  long  term  plan  la  heavily  concerned  with  developing 
new  product  lines  to  replace  those  that  will  eventually  be  phased 
out  and  with  winning  new  programs  to  replace  those  that  are  due 
to  expire,  the  short  term  plan  is  heavily  concerned  with  con- 
trolling direct  costs  and  overhead  cost  for  the  firm's  current  com- 
mercial and  military  product  lines.  Also  unlike  the  long  term  plan, 
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which  ganerally  summarises  projections  on  s year-by-year  basis, 
the  short  term  plan  Is  presented  on  a month-by-month  basis. 
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This  section  describes  Che  short  tern  planning  process  that 
Is  followed  within  the  nine  major  military  airframe  builders. 

As  was  Che  case  with  Che  long  term  planning  process,  most  of 
the  short  term  planning  cakes  place  at  Che  divisional  level, 
with  Che  headquarters  planning  staff  once  again  coordinating 
divisional  planning  efforts  and  with  Cop  management  once  again 
carefully  reviewing  Che  final  product  of  this  phase  of  the 
planning  cycle. 

2.  Short  Term  Planning  at  the  Divisional  Level 

After  Cop  management  has  approved  the  corporate  long 
term  plan  > normally  late  In  Che  third  quarter  - the  short  term 
planning  process  can  begin.  This  process  begins  much  as  the 
long  term  planning  process  was  begun,  namely,  with  the  distribu- 
tion of  Che  corporation's  short  term  goals  and  objectives  by  top 
management.  These  short  term  goals  and  objectives  are  generally 
more  specific  Chan  the  long  term  goals  and  objectives  and  are 
normally  accompanied  by  a set  of  specific  guidelines  for  division- 
al short  term  planning.  For  example,  the  long  term  plan  Is  likely 
to  specify  an  overall  profit  margin,  l.e.  the  ratio  of  net  opera- 
ting Income  to  net  sales,  for  each  year,  while  the  short  term  plan 
Is  likely  to  specify  the  profit  margin  (or  more  specifically,  the 
'contribution  margin')  for  each  product  for  the  coming  year.  To 
ensure  consistency  with  the  corporate  long  term  plan,  these  goals 
and  objectives  and  guidelines  sent  out  from  headquarters  are  based 
on  the  approved  corporate  long  term  plan.  As  was  the  case  with 
long  term  planning,  from  this  point  In  the  short  term  planning 
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process  onward,  nnst  of  the  actual  planning  takes  place  at  the 
divisional  level. 

Figure  VI-7  Illustrates  the  short  term  planning  process  as  it  Is 
typically  carried  out  at  the  divisional  level.  The  process  begins 
with  a statement  of  the  assumptions  on  which  the  divisional  short 
term  plan  Is  to  be  based  and  with  the  formulation  of  the  division's 
short  term  goals  and  objectives.  The  planning  assumptions  flow 
directly  from  the  corporate  and  divisional  long  term  plans,  and  the 
goals  and  objectives  follow  from  the  divisional  long  term  goals  and 
objectives  embodied  In  the  corporate  long  term  plan  and  the  more 
specific  corporate  short  term  goals  and  objectives  and  planning 
guidelines  supplied  to  the  division.  As  In  the  case  of  the  long 
term  planning  process,  headquarters  approval  of  the  division's 
goals  and  objectives  Is  required,  although  such  approval  is  less 
problematical  than  In  the  long  term  case  because  the  basic  direction 
and  strategies  for  the  corporation  and  for  the  division  have  already 
been  mapped  out  during  the  long  term  planning  process. 

Once  the  division's  short  term  goals  and  objectives  and  plan- 
ning assumptions  have  been  approved,  the  goals  and  objectives  to- 
gether with  the  divisional  business  strategies  approved  as  part 
of  the  long  term  planning  process  are  used  by  divisional  manage- 
ment to  formulate  the  division's  short  term  business  strategies  - 
the  collection  of  policies  that  specify  the  division's  competi- 
tive position  vls-A-vls  Its  competitors  In  each  of  the  conmerclal 
markets  In  which  It  sells  and  Its  approach  to  contract  negotiations 
with  the  government.  It  needs  to  be  emphasized  that  great  care  Is 
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Figure  VI-7  The  Divisional  Short  Term  Planning  Cycle 
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taken  to  ensure  that  these  short  term  strategies  are  consistent 
with  the  long  term  strategies  that  underlie  the  long  term  plan. 

For  example,  not  altering  the  design  of  a particular  product,  say 
a particular  type  of  aircraft,  may  enable  the  division  to  avoid 
the  expense  Involved  In  design  changes,  and  thereby  boost  the 
division's  overall  profit  margin,  though  the  failure  to  'modernize' 
the  airplane  may  hurt  future  sales  and  profits  In  the  event 
competitive  pressures  or  a change  In  government  regulations  force 
these  changes  to  be  made  hurriedly. 

After  establishing  the  division's  short  term  business 
strategies,  divisional  management  directs  the  division's 
planning  staff  to  collect  the  Information  needed  to  determine 
the  actual  resource  requirements  of  the  division  and  to  plan 
how  these  requirements  will  be  met.  This  part  of  the  short 
term  planning  process  results  In  several  component  plans,  which, 
for  co;:venlence,  have  been  grouped  Into  four  component  plans  In 
Figure  VI -7.  The  monthly  facilities  usage  and  expenditure  plan 

Indicates  the  plant  and  equipment  allocated  to  each  product  line  - 
whether  government  or  commercial  - for  each  of  the  twelve  months 
covered  by  the  operating  plan.  It  also  Indicates  the  time  of 
arrival  and  use  of  new  equipment  that  %flll  be  purchased  and  the 
beginning  of  operation  and  use(s)  of  new  plant  that  will  become 
available  during  the  year.  The  monthly  overheads  plan  Indicates 
the  monthly  overhead  rates  to  be  applied  to  direct  labor  to  deter- 
mine the  cost  of  goods  sold.  The  plan  gives  a breakdown  as  to 
general  and  administrative  costs,  the  cost  of  facilities,  research 


and  development,  etc.  The  monthly  manpower  and  production  plan 
indicates  monthly  output  rates,  the  delivery  of  commercial  and 
military  aircraft  on  a monthly  basis,  direct  (l.e.  for  production) 
labor  requirements  (numbers  of  personnel  and  their  cost)  on  a 
monthly  basis,  and  the  projected  monthly  hlrlng/firlng  quotas. 

The  subcontracting  and  procurement  plan  Indicates  subcontractors 
for  government  programs  and  details  the  firm's  need  for  Inputs 
other  than  labor  on  a monthly  basis,  along  with  the  anticipated 
costs  of  these  Inputs. 

The  four  plans  Just  described  form  the  division's  annual  oper- 
ating plan,  which  is  submitted  to  the  headquarters  planning  staff 
after  it  has  been  approved  by  the  division's  management.  As  in  the 
long  term  planning  process,  the  headquarters  planning  staff  may 
return  the  plan  for  modifications.  Finally,  after  all  divisional 
short  term  plans  have  been  accepted,  they  are  amalgamated  into  a 
corporate  operating  plan.  Also  incorporated  into  this  plan  is  the 
annual  operating  plan  for  the  corporate  office.  The  corporate  short 
term  plan  is  submitted  to  top  management  for  its  review,  and  once 
this  plan  has  been  approved,  the  short  term  planning  process  ends. 

At  the  conclusion  of  the  short  term  planning  process,  the 
corporate  planning  cycle  begins  again.  At  the  same  time,  a cor- 
porate review  process  begins,  during  which  the  Just  completed  annual 
operating  plan  will  be  reviewed  on  a quarterly,  or  possibly  on  a 
semiannual,  basis  in  light  of  actual  operating  results.  The 
next  section  describes  this  review  process.  The  remainder  of 
this  section  looks  more  closely  at  certain  important  aspects  of 
the  short  term  planning  process  Just  described. 


3.  Short  Term  Planning:  Government  Sales,  Contract 
Performance,  and  Cost  Controls 

Much  of  the  short  term  planning  associated  with  the  sale 
of  goods  and  services  to  the  government  can  be  based  on  the 
provisions  of  the  contracts  that  were  negotiated  prior  to  the 
start  of  the  short  term  planning  process.  In  particular,  for 
such  Items  as  military  aircraft,  government  contracts  generally 
specify  product  performance  standards,  a monthly  delivery  schedule, 
the  price  per  plane  (since,  as  pointed  out  In  section  B,  pro- 
duction contracts  are  typically  oi  the  fixed  price  variety),  the 
method  by  which  the  fee  will  be  determined,  etc.  Such  Information 
proves  helpful  to  the  contractor  during  the  preparation  of  the 
monthly  manpower  and  production  plan. 

In  addition,  the  government  negotiates  the  overhead  rates  to 
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be  applied  on  all  contracts,  and  one  of  the  by-products  of 
this  process  Is  an  estimate  of  reimbursable  overhead  costs.  Under 
certain  circumstances,  such  as  those  surrounding  either  an  audit 
by  the  General  Accounting  Office  or  a general  management  review 
carried  out  by,  or  at  the  direction  of,  the  administrative  con- 
tracting officer,  the  government  can  Issue  specific  directives 
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to  a contractor  concerning  Its  overheads.  Such  Information 

can  prove  helpful  to  the  contractor  when  It  formulates  Its  monthly 
overhead  plan. 

Since  contractor  performance  (or  effort)  weighs  heavily  In 
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determining  the  fee  to  be  earned,  the  division  must  care- 
fully plan  the  allocation  of  labor  over  government  contracts 
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during  the  short  term  planning  process.  Where  prices  are  fixed, 
as  they  are  on  most  development  contracts  as  well  as  on  pro- 
duction contracts,  control  of  costs  Is  critical  In  order  to 
prevent  costs  from  rising  and  consuming  part  or  all  of  the  fee. 
Even  under  cost  plus  contracts,  cost  control  Is  Important,  for 
even  though  costs  now  play  a smaller  role  In  determining  the 
size  of  the  fee,  the  contractor's  productive  efficiency,  and 

In  particular.  Improvements  In  productivity,  are  now  Included 
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as  a factor  In  determining  the  fee. 

A second  Important  performance  factor  Is  the  contractor's 
performance  In  meeting  delivery  schedules.  Where  the  number  of 
subcontractors  and  suppliers  Is  large,  the  problem  of  trying 
to  control  the  scheduling  of  production  and  delivery  becomes 
more  difficult.  A subcontractor  making  a late  delivery  can 
cause  the  production  schedule  to  slip,  and  this  can  lead  to  a 
late  delivery,  for  which  the  prime  contractor  Is  likely  to  be 
penalized.  Controlling  subcontractor  performance  often  neces- 
sitates placing  teams  of  people,  analogous  to  the  government's 
plant  representative  offices.  In  the  subcontractor's  plants, 

and  this  In  turn  requires  that  manpower  and  dollars  be  allocated 
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for  that  purpose. 

In  short  term  planning  connected  with  government  sales,  thoi, 
the  emphasis  Is  placed  on  allocating  personnel  and  dollars  so 
as  to  ensure  satisfactory  contract  performance.  In  particular, 
short  term  planning  for  government  sales  emphasizes  control  of 
production  and  overhead  costs  and  the  control  of  production 
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rates  In  order  to  meet  delivery  schedules.  Similarly,  as  the 
next  subsection  makes  clear,  short  term  planning  for  commercial 
sales  also  displays  a decided  cost  and  productivity  emphasis. 

4.  Short  Term  Planning:  Comnerclal  Sales  and 

Operating  Efficiency 

Short  term  planning  for  comnerclal  sales  Is,  In  some 
Important  respects,  more  difficult  than  short  term  planning 
for  government  sales,  although  the  basic  thrust  of  the  planning 
process  Is  essentially  the  same.  In  each  case  short  term  plan- 
ning Is  concerned  with  the  employment  levels  of  the  variable 
inputs  needed  to  satisfy  the  firm's  production  commitments. 

What  tends  to  make  conmerclal  sales  planning  somewhat  more 
difficult  is  the  greater  uncertainty  concerning  actual  product 
demand.  On  the  other  hand,  the  difficulties  associated  with 
trying  to  predict  resource  requirements  for  research  and  develop- 
ment projects,  which  tend  to  complicate  the  task  of  government 
sales  planning,  generally  have  a smaller  Impact  on  the  commercial 
side  of  the  business.  Overall,  then,  the  relative  difficulty 
of  these  two  aspects  of  short  term  planning,  and  by  Implication, 
the  relative  aswunts  of  time,  manpower,  and  money  that  onist  be 
allocated  to  each  aspect  of  short  term  planning.  Is  largely  de- 
pendent on  the  proportion  of  government  sales  made  under  research 
and  development  contracts. 

In  the  case  of  commercial  aircraft  sales,  the  short  term 
planning  problem  is  more  complicated  than  the  one  for  military 
aircraft  sales.  While  commercial  aircraft  are  sold  on  a 


contractual  baais,  the  limited  financial  resourcea  of  the  com- 


mercial airlines  make  contract  cancellations  or  delivery  post 


ponements  more  likely  than  In  the  case  of  military  aircraft 
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sales.  A second  problem  associated  with  conaerclal  air 


craft  sales  concerns  advance  payments.  If  such  payments  are 


made  at  all  on  a commercial  contract,  they  are  generally  much 


lower  than  progress  payments  made  by  the  government  under 


In  addition,  when  the  financial  po 


military  contracts 


sltlons  of  conanerclal  airlines  worsen,  they  become  loath  to 


preferring  Instead  to  buy 


enter  Into  long  term  contracts 


aircraft  on  much  shorter  notice  once  they  have  generated  suf 


flclent  financial  resources  with  which  to  make  the  purchase 


Assuming  the  decision  has  been  made  (as  part  of  the  long  term 


planning  process)  to  continue  production  of  the  airplane  or 


of  some  modified  version,  a decision  concerning  the  produc 


tlon  rate  for  the  coming  year  must  be  made.  This  production 


rate  must  satisfy  the  constraint  on  the  minimum  feasible  pro- 


duction rate,  %dilch  Is  Imposed  by  the  technical  conditions 


of  production 


In  contrast  to  the  special  planning  problems  associated  with 


conmerlcal  aircraft  sales,  planning  for  the  sales  of  other 


commerlcal  products  generally  does  not  lead  to  problems  any 
different  from  those  faced  by  the  airframe  builders’  non-aero 


space  cosimerclal  competitors.  The  main  difference.  In  terms 
of  planning,  between  these  sales  and  sales  of  commercial  air 
craft  Is  In  Inventory  planning.  In  planning  commercial 


aircraft  aalas,  production  schedules  are  set  to  conform  as  closely 
as  possible  to  the  delivery  schedule  for  firm  orders  so  that  In- 
ventories of  completed  aircraft  can  be  held  near  zero.  In  plan- 
ning for  other  comnerclal  sales,  for  which  Inventories  of  finished 
goods  are  a normal  part  of  doing  business,  one  of  the  purposes 
of  short  term  planning  Is  to  determine  the  appropriate  (In  light 
of  demand  and  cost  considerations)  Inventory  levels. 

Overall,  the  short  term  planning  process  Is  designed  to  a- 
chleve  operating  efficiency  In  the  area  of  commercial  sales.  As 
was  the  case  with  government  sales,  short  term  planning  of  com- 
mercial operations  focuses  on  variable  inputs  such  as  the  labor 
used  In  the  production  process  and  seeks  to  determine  employment 
levels  consistent  with  cost  minimization. 

5 . Sunnary 

The  short  term  planning  process  Is  concerned  mainly  with 
the  allocation  of  variable  inputs  among  existing  and  about-to-be- 
Introduced  product  lines  and  with  the  efficient  use  of  the  firm's 
existing  capital  resources,  in  contrast  to  the  long  term  planning 
process,  which  Is  mainly  concerned  with  the  acquisition  or  dis- 
posal of  capital  resources,  the  winning  of  new  government  con- 
tracts, and  the  development  of  new  coamercial  lines  of  business. 
Because  the  short  term  planning  process  begins  once  the  long  term 
planning  process  has  been  completed  and  uses  the  long  term  plan 
as  a planning  base,  short  term  planning  nonnally  requires  just 
one  quarter,  as  opposed  to  the  t%io  quarters  usually  required  for 
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long  Cera  planning.  Using  the  long  Cera  plan  as  a basis  for 
Che  shore  Cera  plan  also  ensures  consistency  between  Che  C%ro 
plans. 

One  of  Che  iaportant  outputs  of  Che  short  Cera  planning 
process  is  a set  of  provisional  quarterly  financial  sCate- 
aenCs  for  Che  corporation.  That  is,  once  Cop  aanageaent  has 
approved  the  corporate  operating  plan  subaitted  by  the  head- 
quarters planning  staff  (see  Figure  VI-7),  a provisional  profit 
and  loss  statement  and  a provisional  balance  sheet  can  be  pre- 
pared for  each  quarter  — or  for  each  month,  if  so  desired  - of 
the  corporate  fiscal  year.  These  provisional  financial  state- 
ments are  used  by  top  management  during  the  fiscal  year  to 
check  the  progress  of  the  corporation  toward  its  long  term  and 
short  term  financial  goals  and  objectives. 

While  the  completion  of  the  corporate  operating  plan  and 
the  preparation  of  the  provisional  corporate  financial  state- 
ments mark  the  end  of  the  corporate  planning  cycle,  there  re- 
mains a very  important  follow-on  to  Che  corporate  planning  cy- 
cle, namely,  the  corporate  review(s).  The  next  section  describes 
the  corporate  review  process,  the  purpose  of  which  is  to  measure 
periodically  the  performance  of  the  divisions  against  the  re- 
spective divisional  plans  and  to  modify  the  divisional  and  cor- 
porate operating  plans  in  light  of  operating  experience. 

C.  THE  CORPORATE  REVIEW  PROCESS 

Though  substantial  resources  are  devoted  to  formulating 
the  corporate  and  divisional  plans,  the  uncertainties  associated 
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with  estimates  of  product  demand.  Input  costs  and  availabilities. 


in  the  future,  as  well  as  unforeseen  circumstances,  such 


as  an  oil  embargo,  an  unexpected  sharp  decline  in  the  demand  for 


airline  passenger  travel,  or  an  unanticipated  contract  termlna 


tlon,  will  cause  actual  performance  to  deviate  from  the  projec 


tions  outlined  in  the  corporate  and  divisional  operating  plans 
Thus,  it  has  been  deemed  necessary  by  the  managements  of  the 


major  airframe  builders  to  conduct  formal  periodic  reviews  - 
normally  on  a quarterly  basis,  chough  in  some  cases,  on  a semi-' 
annual  basis  - to  measure  these  deviations,  and  if  possible,  to 


determine  their  cause  so  that  the  divisional  and  corporate  oper 


ating  plans  for  the  remainder  of  the  fiscal  year  can  be  adjusted 
in  accordance  with  the  firm's  operating  experience. 

The  existence  of  the  review  process  is  indicative  of  the  fact 


that  the  corporate  planning  and  review  process,  when  considered 
as  a whole,  is  an  adaptive  process.  That  is,  the  planning  and 


review  process  exhibits  feedback  control  in  that  each  periodic 
corporate  review  causes  Information  on  divisional  performance  to 
be  generated  that  is  used  by  top  management  and  divisional  man- 

In  addition,  the  corpor- 


agers  to  modify  their  operating  pL 
ate  reviews  enable  top  manageswnt  attd  the  headquarters  planning 
staff  to  reevaluate  periodically  the  operating  anvlronawnt  and 
perforMnee  of  each  division.  The  information  collected  and  the 
evaluations  performed  as  pert  of  the  corporate  reviews  for  the 
third  snd  fourth  quarters  of  the  fiscal  year  are,  to  the  extent 
that  they  enable  corporate  |>lanners  to  evaluate  the  current  state 
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of  demand  In  each  of  the  firm's  product  markets,  helpful  to 


the  headquarters  planning  staff  at  the  time  It  prepares  the 


environmental  forecast 


Figure  VI-8  shows  the  corporate  planning  and  review  cycle 


for  arbitrary  year  T.  The  whole  cycle  spans  a period  approx 


Imately  nine  quarters  In  length.  The  planning  for  year  T 


takes  place  the  previous  year.  The  corporate  review  for  each 


quarter  takes  place  soon  after  the  end  of  the  quarter,  with 


the  time  lag  determined  by  how  much  time  Is  required  to  col 


lect  and  process  the  data  needed  to  carry  out  the  review 


The  fourth  quarter  review  Is  different  from  the  three  earlier 


measured  against  the  trhole  operating  plan,  but  also  the  review 
of  the  year's  performance  forms  the  basis  for  the  annual  re- 
port to  the  firm's  shareholders. 


Each  quarterly  review  contains  the  following  basic  elements 


First,  the  actual  results  - sales  by  product  line,  levels  of  re 


source  usage,  net  operating  Income  for  the  division,  etc.  - are 


Summarized  for  both  the  quarter  and  the  year  to  date.  The  actuals 


are  compared  with  the  approved  operating  plan.  Usually  this  Is 


done  simply  by  listing  the  actual  figure  next  to  the  projection 


and  significant  variations  are  noted.  Second,  based  on  the  ac 


tuals  to  date,  an  up-to-date  forecast  for  the  balance  of  the  fls- 

p 

cal  year  Is  presented,  along  with  a statement  of  any  changes  that 


may  have  been  made  In  the  underlying  assumptions  since  the  oper- 
ating plan  was  approved.  Third,  the  status  of  major  military 


J 


and  commercial  programs  is  reviewed,  with  special  emphasis  placed 

on  problems  - existing  or  potential  - that  might  in  the  future 
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require  the  attention  of  top  management,  e.g.  those  problems 
that  might  call  for  large  expenditures  or  major  schedule  changes 
and  that  could  affect  other  divisions  of  the  company.  Fourth, 
the  status  of  capital  expenditure  programs  and  any  cost  or 
schedule  changes  to  them  are  reviewed.  Fifth,  research  and  de- 
velopment activities,  their  cost,  and  significant  accomplish- 
ments are  reviewed.  Sixth,  c orts  directed  toward  winning 
new  military  programs  that  are  near  to  bidding  are  reviewed. 

For  each  of  the  above  elements  of  the  review  process,  top  manage- 
ment reviews  the  record  to  date  and  suggests  appropriate  modi- 
fications of  strategies,  expenditure  levels,  etc.  In  particular, 
one  or  more  of  the  divisional  operating  plans  may  be  changed 
at  the  direction  of  top  management  in  light  of  that  division's 
performance  to  date. 

The  corporate  review  process,  then,  is  a device  that  enables 
top  management  to  review  periodically  the  performance  of  the 
corporation's  operating  divisions  and  to  determine  %duit  changes 
need  to  be  made,  in  light  of  each  division's  experience  to  date, 
to  each  division's  operating  plan  in  order  to  Improve  the  likeli- 
hood that  by  the  end  of  the  fiscal  year  the  corporation's  goals 
and  objectives  for  the  year  will  have  been  met. 

H.  CHAPTER  SUMtART 

The  nine  mejor  military  airframe  builders  in  the  United 
States  ere  large  diversified  organisations  whose  performance 
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is  Influenced  to  a significant  degree  by  variations  in  the  size 
and  number  of  major  military  aircraft  programs.  The  business 
environment  within  which  these  firms  operate  is  characterized 
by  several  different  types  of  risk,  some  of  which  arise  out  of 
their  special  relationship  with  their  main  customer,  the  U.S. 
government,  and  some  of  which  are  peculiar  to  the  highly  tech- 
nical and  specialized  nature  of  their  aerospace  business.  In 
addition,  the  apparent  decline  in  the  number  of  major  military 
aircraft  programs,  the  stagnant  demand  for  commercial  passenger 
jet  aircraft,  and  the  increasing  foreign  competition  from  firms 
financed  by  their  governments,  have  limited  the  opportunities 
for  growth  in  these  firms'  traditional  markets,  and  more  im- 
portantly, have  threatened  the  structure  of  the  Industry. 

Due  in  part  to  the  nature  of  the  aerospace  business  and  in 
part  to  their  dependence  on  the  sale  of  high  technology  air- 
craft to  the  government,  these  firms  have  had  to  evolve  a long 
term  planning  process  capable  of  coping  with  the  risks  they 
face.  These  firms  must  plan  their  allocation  of  human  capital 
on  the  basis  of  very  limited  information,  knowing  that  the 
penalty  for  guessing  Incorrectly  may  include  the  failure  to  win 
a major  program.  They  must  allocate  research  expenditures  so 
as  to  develop  the  technology  that  will  be  needed  by  weapons 
systems  that  may  not  reach  the  development  stage  for  a decade 
or  more.  Thoughout  the  research  and  development  process  they 
must  compete  with  one  another  for  the  favor  of  their  main 
custosMr,  the  U.S.  government,  and  for  the  relatively  more 
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lucrative  production  contracts  that  secure  for  each  of  their 
recipients  a place  among  the  select  group  of  prime  government 
contractors. 

Their  commercial  business,  particularly  If  It  Includes  the 
sale  of  comnerclal  passenger  aircraft,  can  also  entail  substan- 
tial risks.  The  number  of  potential  customers  Is  greater,  but 
the  financial  strength  of  each  Is  not  only  weaker  than  the 
government's,  but  also  susceptible  to  the  swings  of  the  business 
cycle.  Since  the  cost  of  developing  a new  generation  of  com- 
mercial aircraft  may  exceed  the  developing  company's  net  worth, 
the  risk  of  ultimate  financial  failure  cannot  be  Ignored.  More- 
over, In  recent  years  a severe  recession  and  an  Increase  In 
foreign  competition  have  Intensified  these  risks. 

The  substantial  risks  attendant  upon  their  aerospace  opera- 
tions and  the  limited  growth  opportunities  provided  by  the  mar- 
kets for  commercial  and  military  aircraft  have  caused  many  of 
the  major  airframe  builders  to  look  outside  the  Industry  for 
opportunities  to  diversify  and  grow.  But  the  limited  alter- 
native uses  to  which  their  fixed  capital  can  be  put  and  the 
nature  of  their  aerospace  business  - the  production  and  marketing 
of  highly  sophisticated  products  to  a relatively  small  number  of 
commercial  and  government  buyers  - have  forced  these  firms  to  be 
very  selective  with  regard  to  how  they  choose  to  diversify. 

Similarly,  the  nature  of  the  aerospace  business  and  the 
dependence  of  these  firms  on  sales  of  aircraft  to  the  government 
give  rise  to  special  problems  In  short  term  planning.  Due  to 
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the  high  costs  of  temporarily  shutting  down  a production  line 
or  of  maintaining  an  Inventory  of  completed  aircraft,  produc- 
tion schedules  must  be  set  to  conform  as  closely  as  possible 
to  anticipated  delivery  schedules.  Due  to  the  Importance  of 
meeting  the  specifications  of  government  production  contracts, 
most  of  which  are  granted  on  a fixed  price  basis.  It  Is  neces- 
sary that  production  schedules  and  production  and  overhead 
costs  be  carefully  controlled. 

All  the  factors  mentioned  above  combine  to  make  the  typical 
airframe  builder's  task  of  planning  a difficult  one,  the  re- 
quirements of  which  are.  In  the  opinion  of  this  writer,  more 
demanding  than  those  faced  by  the  majority  of  non-aerospace 
firms.  This  chapter  has  described  how  the  major  airframe 
builders  conduct  their  long  term  and  short  term  planning.  The 
discussion  has  highlighted  the  Important  aspects  of  each  process 
and  has  Indicated  the  relationship  between  the  t%ro.  The  chapter 
has  also  drawn  attention  to  the  Important  differences  between 
doing  business  with  the  government  and  doing  business  with  com- 
mercial customers  and  has  pointed  out  the  implications  of  these 
differences  for  the  long  term  and  short  term  planning  processes 
of  the  nine  major  military  airframe  builders. 

This  chapter  has  described  the  Institutional  milieu  within 
which  the  major  airframe  builders  operate.  In  the  next  chapter 
the  basic  theoretical  model  developed  in  chapters  three  through 
five  of  this  thesis  Is  modified  and  a model  of  a representative 
airframe  builder  is  formulated.  The  model  is  developed  as  an 
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analytical  model  of  the  planning  cycle  described  in  this  chapter. 
The  model  is  used  to  characterize  the  optimal  operating  and 
financial  policies  of  the  representative  airframe  builder  and 
to  study  the  impact  on  the  behavior  of  these  firms  of  the  govern- 
ment's progress  payments  policy.  The  model  is  also  used  to 
examine  several  procurement  policy  issues  raised  in  this  chapter, 
such  as  the  likely  Impact  on  the  behavior  of  these  firms  of 
the  procurement  policy  changes  resulting  from  the  recent  Profit 
'76  study. 
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CHAPTER  SIX  FOOTNOTES 


1 • This  chapter  Is  based  In  part  on  personal  Interviews  con- 
ducted at  The  Boeing  Company,  Fairchild  Republic  Company 
(a  division  of  Fairchild  Industries,  Inc.)»  the  Convair 
Division  of  General  Dynamics  Corporation,  Grumman 
Corporation,  Vought  Corporation  (formally  LTV  Aerospace 
Corporation  and  a wholly  owned  subsidiary  of  the  LTV 
Corporation),  Lockheed  Aircraft  Corporation,  McDonnell 
Douglas  Corporation,  Northrop  Corporation,  and  Rockwell 
International  Corporation.  The  author  would  like  to 
thank  the  executives  with  whom  he  spoke  for  their 
generous  assistance,  though  he  alone  accepts  full  re- 
sponsibility for  any  errors  that  may  have  been  committed 
in  describing  these  firms'  planning  processes. 


2.  The  term  'airframe'  refers  to  the  body  of  the  airplane 
without  its  engines.  For  the  information  of  the  reader, 
the  two  major  producers  of  engines  that  are  Installed  In 
the  airframes  produced  by  the  firms  listed  In  footnote  1 
are  United  Technologies  Corp.  (through  its  Pratt  & Whitney 
Aircraft  Div.)  and  General  Electric  Co. 

3.  See  "A  shakeout  for  U.S.  fighter-plane  makers,"  Business 
Week  (June  9,  i97b) , and  "General  Dynamics:  Winning  In  the 
Aerospace  Game,"  Business  Week  (May  3,  1976).  According 
to  these  articles,  the  threatened  firms  are  Fairchild, 

Grumnan,  and  Vought  (LTV).  However,  Joseph  G.  Gavin,  Jr., 
President  of  Grumman  Corp.,  has  stated  publicly  tliat  he 
expects  follow-on  orders  to  carry  F-14  production  beyond 
the  currently  projected  1960  termination  date.  See  "The 
New  Face  of  the  Defense  Industry,"  Business  Week  (January 
10,  1977),  p.  55.  A recent  study  conducted  jointly  by  the 
Department  of  Defense  and  the  Office  of  Management  and 
Budget  concludes,  however,  that  there  Is  excess  capacity 
in  the  aircraft  Industry  costing  the  Department  of  Defense 
approximately  $400  million  per  year  to  maintain  and 
recommends  that  the  Industry  be  consolidated.  See 
"Washington  Roundup,"  Aviation  Week  & Space  Technology 
(January  24,  1977),  p.  11. 

4.  See  "Conf areas  Vote  Money  for  the  Bl  Bomber  And  for  Nuclear- 
Powered  'Strike'  Cruiser,"  Wall  Street  Journal  (July  28, 

1975) ;  "Bl  Decision  Is  Delayed  by  Senate  Panel  In  Passing 
Defense  Appropriations  Bill,"  Wall  Street  Journal  (July  22, 

1976) ;  and  "Conferees  Vote  to  Put  Bl  Bomber  Funds  On  Tight 
Rein  Until  After  Inauguration,"  Wall  Street  Journal  (September 
1,  1976). 
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5.  See  "Early  Revival  Unlikely  As  Jumbo-Plane  Sales  Continue 
to  Languish,"  Wall  Street  Journal  (August  10,  1976),  and 
"Aerospace  and  Defense,"  Forbes  (January  1,  1977),  p.l36. 
There  are  some  signs,  however,  that  the  demand  for  commer- 
cial aircraft,  and  in  particular,  the  Boeing  727,  Is  be- 
ginning to  pick  up.  Revised  noise  standards  and  the  need 
for  replacement  aircraft  are  at  least  partly  responsible. 

See  "Airlines  give  Boeing  a one-shot  boom,"  Business  Week 
(October  11,  1976).  The  long  term  outlook  is  also  bright- 
ening, though  many  airlines  will  require  a period  of  sus- 
tained profitability  if  they  are  to  be  able  to  satisfy 
their  need  for  new  aircraft.  See  "Billions  and  billions 
and  billions  to  grab  for,"  The  Ecor^-mlst  (September  11, 

1976);  "Time  To  Fasten  Seat  Belts?,"  Forbes  (October  15, 
1976);  and  "Nation's  Airlines  Face  A Key  Problem:  How  To 
Pay  for  New  Airplanes,"  Wall  Street  Journal  (October  22, 
1976). 

6.  See  "Lockheed  Woes  Increase  as  Plan  For  Rescue  Falls," 

Wall  Street  Journal  (March  3,  1975),  and  "Biting  the 

bullet  on  the  TrlStar,"  Business  Week  (April  12,  1976). 
However,  Indications  are  that  ttie  patient  Is  on  the  mend. 

See  "The  Fabulous  Invalid,"  Forbes  (August  15,  1976),  and 
"Lockheed  Restructuring  Voted  by  Owners  Of  Common;  Debt- 
Holder  Approval  Seen,"  Wall  Street  Journal  (September 
30,  1976). 

7.  See  The  New  Face  of  the  Defense  Industry,  op.clt. . and  also 
Aerospace  and  Defense,  op.clt. 

8.  That  is,  'total  package  procurement'  , in  which  companies 
were  forced  to  accept  a single  fixed  price  contract  covering 
both  development  and  production.  Is  no  longer  part  of  the 
Department  of  Defense's  procurement  policy.  The  current 
DOD  policy  regarding  major  system  acquisitions  Is  outlined 
In  Department  of  Defense  Directive  5000.1,  "Major  System 
Acquisitions"  (January  18,  1977)  and  In  Department  of 
Defense  Directive  5000.2,  "Major  System  Acquisition  Process" 
(January  18,  1977). 

9.  And,  in  at  least  one  case.  In  accordance  with  the  wishes  of 
the  firm's  debt-holders.  See  footnote  6. 

10.  K.G.  Harr,  Jr.,  "A  Short  Course  In  Aerospace  Economics  1976," 
Aerospace  (September  1976),  p.  11. 

11.  Rldder  and  Heinz  classify  634  firms  as  belonging  to  the  aero- 
space industry  based  on  the  industry  classifications  provided 
by  Dun  and  Bradstreet's  Million  Dollar  Directory.  Standard 
and  Poor's  Register  of  Corporations,  eid  several  other 
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sources.  See  W.C.  Rldder  and  M.K.  Heinz,  "Structure, 
Conduct,  and  Performance  of  the  United  States  Aerospace 
Industry,"  unpublished  M.S.  thesis  (Naval  Postgraduate 
School;  Monterey,  California;  March  1976).  Rldder  and 
Heinz  provide  an  Interesting  historical  perspective  on 
the  Industry  as  well  as  a careful  analysis  of  the  In- 
dustry's structure,  conduct,  and  performance.  An  earlier 
study  of  the  aerospace  Industry  that  carefully  examined 
the  major  airframe  builders  Is  H.O.  Stekler,  The  Structure 
and  Performance  of  the  Aerospace  Industry  (University  of 
California  Press;  Berkley;  1965).  After  allowing  for 
mergers  and  after  excluding  Martin  Marietta,  which  no 
longer  builds  aircraft,  Stekler 's  list  of  the  major  air- 
frame builders  Is  Identical  to  the  list  of  firms  in 
footnote  1.  Ibid . . p.  47.  A second  study  by  Carroll 
considers  these  firms  as  well  as  the  missile  frame  builders. 
S.L.  Carroll,  "The  Airframe  Industry,"  unpublished  Ph.O. 
dissertation  (Harvard  University;  Cambridge,  Mass,;  August 
1970). 


12. 

Harr,  op. 

clt. . p.  12 

13. 

Ibid.,  p. 

12. 

14. 

Ibid. , p. 

12. 

15. 

Ibid. , p. 

11. 

16. 

Strictly  speaking,  LTV  Is  not  an  aerospace  firm. 

aerospace  sales  constitute  approximately  12  percent  of 
total  sales  (see  Table  VI-3  below),  whereas  steel  operations 
contribute  39  percent  and  meat  and  food  products  contribute 
48  percent,  as  reported  in  the  company's  Form  10-K  for  Its 
fiscal  year  1975,  the  company  Is  usually  classified  as  a 
'conglomerate',  rather  than  as  a member  of  any  single  Industry 
(for  example,  see  "Multicompanies,''  Forbes  (January  1,  1977), 
p.  101).  The  firm  does,  however,  participate  In  the  industry 
through  Its  Vought  Corp.  subsidiary,  and  If  the  significance 
to  LTV  of  this  participation  were  to  be  judged  In  terms  of 
profits,  rather  Chan  sales,  Chen,  In  1975  at  least,  aerospace 
production  would  become  preeminent  (see  Table  VI-6  below) . 

17.  These  firms  also  play  very  Important  roles  in  the  International 
market  .or  commercial  aircraft.  The  Aerospace  Industries 
Association  of  America  estimates  that  roughly  four  of  every 
five  planes  flown  commercially  world-wide  are  American -made. 
Harr,  op.clt. . p.  7 
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18. 


Ibid, . p.  7. 


19.  See,  for  example,  "Cruise  Missile's  Future  Is  Mainly  Up 
to  Carter;  Its  Potential  Is  Great,"  Wall  Street  Journal 
(January  3,  1977),  and  "Defense  Budget  of  $110.1  Billion 
Proposes  Big  Weapons  Rise  With  Little  Fat  to  Cut,"  Wall 
Street  Journal  (January  18,  1977). 

20.  These  factors,  and  their  Impact  on  the  defense  Industry, 
are  discussed  In  M.L.  Weldenbaum,  The  Economics  of  Peace- 
time Defense  (Praeger;  New  York;  1974). 

21.  Since  1968  total  employment  within  the  aerospace  Industry 
has  fallen  by  more  than  one-third.  Moreover,  between  1968 
and  1975  more  than  70,000  highly  skilled  jobs  - scientists, 
engineers,  and  technicians  - were  lost.  Harr,  op.clt. . p.  12. 

22.  For  example.  In  the  Fortune  500  ranking  for  1970,  Boeing 
was  ranked  17,  Lockheed  was  ranked  33,  and  McDonnell  Douglas 
was  ranked  44.  See  "The  Fortune  Directory  of  the  500  Largest 
Industrial  Corporations,"  Fortune  (May  1971). 

23.  One  added  Indication  of  this  Is  the  fact  that.  If  Vought 
Corp.  were  ranked  separately  from  the  rest  of  LTV,  It 
would  rank  number  330  In  the  FORTUNE  500. 

24.  Six  of  the  top  10  are  airframe  builders.  Of  the  remaining 
four  top  10  DOD  contractors.  United  Technologies  Corp. 

(no.  3),  through  Its  Pratt  & Whitney  Aircraft  Division,  has 
contracts  to  build  engines  for  three  of  the  four  new  fighters; 
General  Electric  Co.  (no.  7)  has  the  engine  contract  for  the 
F-18;  and  Litton  Industries  Inc.  (no.  8)  and  Hughes  Aircraft 
Co.  (no.  9)  are  also  important  suppliers  of  aerospace  products. 
See  Ridder  and  Heinz,  op.clt. . Appendix  J,  p.  400. 

25.  Harr,  op.clt. . p.  11. 

26.  Ibid . . p.  12. 

27.  It  will  be  argued  below  that  it  is  human  capital  - in  the 
form  of  the  knowledge  and  experience  embodied  In  skilled 
engineers  and  scientists  - rather  than  physical  capital  - 
In  the  form  of  plant  and  equipment,  some  of  which  Is  owned 

by  the  government  - that  Is  the  scarcer  of  the  two  components 
of  the  firm's  total  capital  resources  and  that  Is,  consequent- 
ly, of  greater  concern  to  each  firm's  strategic  planners  who 
must  plan  the  allocation  of  these  capital  resources. 
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28.  Ibid.,  p.  14 


r 

29.  D.E.  Raphael  of  the  Stanford  Research  Institute  believes 
that  the  aerospace  Industry  faces  an  Impending  widespread 
capital  shortage,  and  he  estimates  that  the  working  cap- 
ital requirements  of  these  firms  will  rise  from  $5.9 
billion  in  1975  to  $8.8  billion  In  1980  and  to  $15  billion 
In  1985.  D.E.  Raphael  quoted  In  The  New  Face  of  the  Defense 
Industry,  op.clt. . p.  53. 

30.  Ibid. . p.  52,  and  Department  of  Defense,  Defense  Procurement 
Circular  Number  76-3  (Washington,  D.C.;  September  1,1976), 
p.  12. 

31.  Comparative  figures  are  provided  In  "Where  Private  Industry 
Puts  Its  Research  Money,"  Business  Week  (June  28,  1976). 

32.  Ibid. . p.  65.  Even  though  D(K)  funds  a large  proportion  of 
defense-related  research.  It  does  not  finance  100  percent 
of  the  research,  and  on  a project -by-project  basis  each  of 
the  airframe  builders  Is  risking  large  sums  of  money.  For 
example,  Boeing  Co.  spent  $41  million  of  Its  own  money,  in 
addition  to  $95.2  million  supplied  by  DOD,  for  research  and 
development  connected  with  the  YC-14,  the  new  short  take-off- 

b and -landing  transport  being  developed  for  the  Air  Force  (in 

competition  with  McDonnell  Douglas's  YC-15).  Ibid. . p.  66. 

) 

33.  The  references  that  set  out  current  DOD  policy  regarding 
major  weapons  system  acquisition  are  given  In  footnote  8. 

34.  The  implications  of  the  type  of  contract  for  risk-sharing 
between  the  government  and  the  contractor  are  discussed 
below  In  subsection  6. 

35.  One  aeroqpace  executive  told  the  author  that  his  company 
estimated  that  approximately  56  percent  of  IR&D  funds  wre 
spent  on  projects  that  would  never  result  In  fruitful  mili- 
tary applications,  and  that,  of  the  remainder,  only  one 
quarter  (l.e.  11  percent  of  the  total)  would  be  spent  on 
developing  weapons  systems  that  his  company  trould  produce 
(the  other  three  quarters  being  spent  on  projects  that 
would  lose  out  to  other  firms). 


existence  of  the  learning  curve  has  been  taken  into  account 
in  production  and  cost  planning  by  military,  as  well  as  by 
Industry,  planners.  For  a survey  of  Air  Force  applications 
see  H.  Asher,  "Cost -Quantity  Relationships  in  the  Airframe 
Industry,"  R-291  (The  RAMD  Corporation;  Santa  Monica,  CA; 

1956).  It  should  be  noted  that  the  learning  curve  phenomenon 
is  not  unique  to  the  airframe  Industry.  For  other  industries 
in  trhich  it  applies  see  W.Z.  Hirsch,  "Firm  Progress  Ratios," 
Econometrica  (vol  24;  no.  2;  April  1956)  pp.  136-143.  In 
addition,  the  phenomenon  of  the  learning  curve  also  has  ap- 
plications at  the  macroeconomic  level.  See  P.J.  Verdoorn, 
"Complea«ntarlty  and  Long-Range  Projections,"  Econometrica 
(vol  24;  no.  4;  October  1956),  pp.  429-450,  and  K.J.  Arrow, 

"The  Economic  Implications  of  Learning  by  Tilng,"  Review  of 
Economic  Studies  (vol.  29;  1962),  pp.  155-173. 

37.  An  Interesting  general  discussion  of  learning  curves  is  pro- 
vided in  S.C.  Webb,  Managerial  Economics  (Houghton  Mifflin; 
Boston;  1976))  ch.  17. 

38.  Hartley,  op.cit. . p.  122,  and  Webb,  op.cit. . p.  251. 

39.  The  equation  of  the  learning  curve  in  Figure  1 is 

I - 8000  X -0*32193  ^ 

where  I is  the  direct  labor  input  per  airframe  and  x is  the 
cumulative  number  of  airframes  produced.  More  generally,  a 
learning  curve  satisfies  an  equation  of  the  form 

i ■ ax  ^ 

9 

where  a is  the  direct  labor  input  of  the  first  airframe  pro- 
duced and  b ■ log2P,  where  p is  the  percent  of  learning  expressed 
as  a decimal  and  where  log2  signifies  a logarithm  to  the  base 
2.  Note  that  the  shape  of  the  learning  curve  implies  that 
the  learning  process  is  subject  to  steadily  diminishing  returns. 

40.  Though  inflation  might  cause  the  cost  per  airframe  measured  in 
current  dollars  to  increase  - if  rising  unit  input  costs  more 
than  offset  the  effect  of  improved  labor  efficiency  - the  cost 
per  airframe  would  still  fall  when  measured  in  term  of  dollars 
of  constant  purchasing  power  (l.e.  in  real  terms). 

41.  In  essence,  the  controversy  surrounding  the  Navy's  decision  to 
procure  the  F-18  despite  congressional  pressure  to  procure  the 
F-17,  which  was  a modification  of  the  F-16  selected  previously 
by  the  Air  Force,  was  the  result  of  this  sort  of  disagreement 
as  to  «fhether  the  additional  costs  incurred  in  selecting  a 
different  design  could  be  justified  on  the  grounds  of  improved 
effectiveness. 
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42.  The  actual  point  beyond  which  a aajor  prograa  becomes 
virtually  nontransf arable  probably  lies  somewhere  be- 
fore the  award  of  the  first  production  contract,  but 
after  the  selection  of  the  winner  of  the  prototype  com- 
petition. That  is,  during  the  final  development  and 
the  test  and  evaluation  stages  of  the  program,  the  firm 
that  won  the  prototype  competition  develops  Che  finished 
product.  Since  the  technology  developed  and  Che  ex- 
perience accumulated  during  these  stages  cannot  be  trans- 
ferred costlessly,  at  some  point  the  potential  costs  of 
transferring  the  program  become  so  high  as  to  in  effect 
preclude  a change  of  prime  contractor. 

43.  That  is,  a market  for  a product  characterized  by  a single 
buyer  (the  Department  of  Defense  through  one  of  its  ser- 
vices) and  a single  seller  (the  contractor) . Bilateral 
monopoly  is  discussed  in  most  elementary  price  theory 
textbooks.  For  example,  see  R.  Sherman,  The  Economics 

of  Industry  (Little,  Brown  and  Company;  Boston;  1974), 
pp.  283-287. 

44.  See  "Lockheed  Sets  L-1011  Charge  Of  $515  Million,"  Wall 
Street  Journal  (March  31,  1976). 

45.  The  current  competition  between  Boeing  and  McDonnell  Douglas 
for  a contract  worth  approximately  $2  billion  to  build 
midair  refueling  tankers  is  an  example.  The  Boeing  entry 
will  utilize  the  747  airframe,  while  the  McDonnell  Douglas 
entry  will  utilize  the  DC  10  airframe.  (The  Lockheed  entry  - 
a derivative  of  the  L-1011  - has  already  been  eliminated.) 
Aerospace  and  Defense,  op.cit. . p.  136. 

46.  Harr,  op.cit. . p.  7. 

47.  This  latter  figure  was  computed  by  treating  Vought  Corp. 
as  if  it  were  an  aerospace  firm  separate  from  LTV  Corp. 

48.  This  procedure  has  a strong  Impact  on  Northrop  Corp.'s 
government  sales.  If  sales  to  foreign  governments  were 
included  among  'government  sales' , then  the  share  of 
government  sales  in  Northrop  Corp.'s  total  sales  would  ex- 
ceed 80  percent.  The  main  reason  for  this  large  difference 
is  chat  the  primary  market  for  Northrop  Corp.' a F-5  fighter 
is  foreign  governawnts. 

49.  See  footnotes  21  and  22. 

50.  For  example,  salca  of  the  A-10  aircraft  formed  23Z  of 
Fairchild  Industries's  total  sales  during  1975.  Fa irchild 
Industries  Form  10^.  op.cit. . p.  6. 
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51.  Def«n»e  Procur«»eDt  Circular  Mo.  76-3.  op.clt.  The  DOD'e 
primary  motive  was  to  encourage  defense  contractors  to 
Increase  their  Investment  In  plant  and  cost-saving  new 
equipment.  The  Profit  '76  study  recommended  four  major 
changes  designed  to  accomplish  this.  First,  Interest, 

Including  the  Imputed  Interest  on  contractor-owned  facili- 
ties, became  an  allowable  cost.  Second,  the  contractor's 
level  of  Investment  In  facilities  was  Introduced  as  a 
factor  Into  the  weighted  guidelines  that  government  con- 
tracting officers  must  follow  In  negotiating  a profit  ob- 
jective with  the  contractor.  Third,  risk  will  be  weighed 
more  heavily  and  cost  will  be  weighed  less  heavily  In 
negotiating  profit  levels.  Fourth,  productivity  Improve- 
ments were  Introduced  Into , and  past  contractor  perform- 
ance was  deleted  from,  the  list  of  guldllnes  used  to  de- 
termine profit  levels.  It  should  be  noted  that  the  policy 
changes  will  be  less  favorable  to  the  airframe  builders 
than  they  will  be  to  shipbuilders  and  other  government 
contractors,  according  to  Brig.  General  James  W.  Stansberry, 

USAF,  Director,  Profit  '76,  quoted  in  "Pentagon  Drafts  Policy 
to  Spur  Spending  By  Defense  Contractors  on  New  Facilities," 

Wall  Street  Journal  (July  6,  1976). 

52.  Ibid. . pp.  12-15;  Aerospace  Industries  Association  of  America, 
Risk  Elements  In  Government  Contracting  (Washington,  D.C.; 

October  1970),  pp.  6-9;  Aerospace  Profits  vs.  Risks 
(Washington,  D.C.;  June  1971),  ch.  4;  and  J.R.  Fox,  Arming 
America;  How  the  U.S.  Buys  Weapons  (Division  of  Research, 

Harvard  Business  School;  Boston;  1974),  pp. 236-240. 

53.  The  argument  that  risks  are  high  and  returns  are  low  In  the 
aerospace  Industry  in  relation  to  other  Industries  Is  made 

In  Harr,  op.clt. . p.  12,  and  In  J.K.  Broini  and  G.S.  Stothoff, 

The  Defense  Industry;  Some  Perspectives  from  the  Financial 
Community,  (Division  of  Management  Research,  The  Conference 
Board;  New  York;  1976).  The  opposite  view  Is  expressed  In 
Weldenbaum,  op.clt. . pp.  69-70,  which  cites  a GAO  study  of 
aerospace  profitability  over  the  period  1966-1969,  and  In 
The  New  Face  of  the  Defense  Industry,  op.clt. . p.  56.  For 
a discussion  of  th^se  articles  see  the  next  footnote. 

54.  One  of  the  practical  problems  encountered  in  analysing  the 
question  of  the  sufficiency  of  the  returns  earned  by  aero- 
space firms  is  the  period  of  time  covered  by  the  analysis. 

The  years  1966-1969  covered  by  the  GAO  study  referred  to  In  foot- 
note 53  preceded  the  post-Vietnam  slump  in  defense  spending, 
and  much  of  the  empirical  evidence  cited  in  the  Business  Week 
article  ("The  New  Face  of  the  Defense  Industry")  Is  based  on 
the  same  period.  In  this  regard  the  Brown  and  Stothoff 
study,  which  focuses  on  the  period  1965-1974,  reports  statis- 
tical results  that  are  less  biased. 
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55.  For  example.  Risk  Elements  In  Government  Contracting,  op.clt. 

56.  Profit  *76  S"«— ary  Report  (U.S.  Government  Printing  Office; 
Washington,  D.C.;  December  7,  1976.) 

57.  The  apparent  preference  of  contractors  for  Investing  In 
facilities  to  be  used  In  commercial  production,  rather  than 
to  support  government  production,  was  the  major  Justification 
for  the  Profit  '76  study.  Defense  Procurement  Circular 

No.  76-3.  op.clt. . p.  1. 

58.  An  overview  of  the  procurement  process  Is  provided  In 
S.J.  Evans,  H.J.  Margulls,  and  H.B.  Yoshpe,  Procurement 
(Industrial  College  of  the  Armed  Forces;  Washington,  D.C.; 

1968).  Several  excellent  analyses  of  the  weapons  acquisition 
process  have  been  performed.  The  classic  studies  are 

M.J.  Peck  and  F.M.  Scherer,  The  Weapons  Acquisition  Process;  An 
Economic  Analysis  (Division  of  Research,  Harvard  Business 
School;  Boston;  1962),  and  F.M.  Scherer,  The  Weapons  Acquisition 
Process;  Economic  Incentives.  (Division  of  Research,  Harvard 
Business  School,  Boston;  1964).  An  Interesting  follow-on 
of  these  studies  Is  Fox,  op.clt.  An  Interesting  discussion 
of  the  differences  between  government-contractor  transactions 
and  connerclal  transactions  can  be  found  In  J.F.  Gorgol, 

The  Military-Industrial  Firm  (Prager;  New  York;  1972),  ch.  2. 

59.  See  Peck  and  Scherer,  op.clt. . ch.  3,  and  J.M.  Suarez,  "Profits 
and  Performance  of  Aerospace  Defense  Contractors,"  Journal  of 
Economic  Issues  (vol.  10;  no.  2;  June  1976),  pp.  386-402,  for 
more  on  the  non-market  character  of  the  treapons  acquisition 
process. 

60.  It  should  be  noted,  however,  that  prior  to  World  War  II  this 
comswrclal-llke  process  was  heavily  relied  on  to  generate 
new  ideas  for  military  aircraft.  Ibid. . ch.  4. 

61.  See  Aerospace  Industries  Association  of  America,  Monopsony ; 

A Fundamental  Problem  in  Government  Procurement  (Washington, 
D.C.;  May  1973)  and  Stanford  Research  Institute,  "The  Industry- 
Government  Aerospace  Relationship,"  two  volumes  (Menlo  Park, 

CA;  May  1963). 

62.  See  Fox,  op.cit. . pp.  256-257,  467-471.  An  interesting  theo- 
retical discussion  of  the  bidding  process  can  be  found  in 
D.P.  Baron,  "Incentive  Contracts  and  Competitive  Bidding," 
American  Economic  Review  (vol.  62;  no.  3;  June  1972),  pp. 
384-394;  C.C.  Blsydon  and  P.W.  Marshall,  "Incentive  Contracts 
and  Competitive  Bidding:  Comment,”  American  Economic  Review 
(vol.  64;  no.  6;  December  1974),  pp.  1070-1071;  and  D.P.  Baron, 
"Incentive  Contracts  and  Competitive  Bidding:  Reply,"  American 
Economic  Review  (vol  64;  no.  6;  December  1974),  pp.  1072-1073. 
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63.  Harr,  op.clt 


Due  to  the  abandonment  of  'total  package  procurement'  this 
latter  risk  has  been  reduced  substantially  In  recent  years 
See  The  New  Face  of  the  Defense  Industry,  op.clt. . p.  52, 
and  footnote  8. 


66.  See  the  references  listed  In  footnote  38 


See  A.M.  Agapos  and  L.E.  Callaway,  "Defense  Profits  and  the 
Renegotiation  Board  in  the  Aerospace  Industry,"  Journal  of 
Political  Economy  (vol.  78;  no.  5;  September/October  1970), 
pp.  1093-1105;  Heidenbaum,  op.clt. . pp.  70-72;  and  J.F. 
Weston,  ed..  Procurement  and  Profit  Renegotiation 
(Wadsworth;  San  Francisco;  1966). 


68.  Weidenbaum,  op.clt 


The  six  factors  are  the  follo%fing:  the  efficiency  of  the 
contractor,  the  reasonableness  of  cost  and  profits,  the 
amount  and  source  of  public  and  private  capital  employed, 
the  extent  of  risk  assumed,  the  nature  and  the  extent  of 
the  contribution  to  the  defense  effort,  and  the  character 
of  the  business.  Ibid . . p.  71. 


72,  and  Harr,  op.clt 


Weidenbaum,  op.clt. . p.  72.  Weidenbaum  argues  that  the 
board's  preoccupation  with  profits  rather  than  costs  is 
not  in  the  taxpayer's  best  interests  since  cost  levels  and 
cost  overruns  are  so  much  greater  in  magnitude  than  profits. 
He  argues  that  the  board  should  pay  greater  attention  to  the 
reasonableness  of  contractor  costs. 


C.  Kaysen,  "Improving  the  Efficiency  of  Military  Research  and 
Development,"  in  E.  Mansfield,  ed..  Defense.  Science,  and 
Public  Policy  (W.W.  Norton;  New  York;  1968),  p.  119.  See 
also  Harr,  op.clt. . p.  13,  and  Weidenbaum,  op.clt. . p.  70. 


See,  for  example,  J.  Hirshleifer,  Investment.  Interest, 
and  Capital  (Prentice-Hall;  Englewood  Cliffs,  N.J.;  1970) 
p.  215;  Aerospace  Profits  vs.  Risks,  op.cit. . p.  2;  and 
D.  Vickers.  Tne  Theory  of  the  Firm;  Production.  Capital, 
and  Finance  (McGraw-Hill;  New  York;  1968),  p.  7. 


74.  F.H.  Knight,  Risk.  Uncertainty  and  Profit  (Houghton  Mifflin 
New  York;  1921). 
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75.  G.C.  Phlllppatos»  Financial  Management  Theory  and  Technlqueg 
(Holden-Day;  San  Francisco;  1971),  pp.  69-70. 

76.  Ibid. . p.  70,  and  J.C.  Van  Horne,  Financial  Management  and 
Policy.  2nd  ed.  (Prentice-Hall;  Englewood  Cliffs,  N.J.; 

1971),  pp.  46,  198-200. 

77.  See,  for  example.  Risk  Elements  In  Government  Contracting, 
op.clt. 

78.  As,  for  example,  the  Profit  '76  Study.  See  footnote  56  for 
reference. 

79.  Aerospace  Prof Its  vs.  Risks . op.clt. . pp.  2-4. 

80.  These  measures  are  the  ones  suggested  by  Van  Horne.  See 
footnote  76  for  page  references. 

81.  J.R.  Kurth,  "Why  We  Buy  the  Weapons  We  Do,"  Foreign  Policy 
(no.  11;  summer  1973),  pp.  43-46,  or  J.R.  Kurth,  "Aerospace 
Production  Lines  and  American  Defense  Spending,"  In  S.  Rosen, 
ed..  Testing  the  Theory  of  the  Military-Industrial  Complex 
(D.C.  Heath;  Lexington,  Mass.;  1973),  pp.  142-144. 

82.  For  a view  of  the  weapons  procurement  process  contrary  to 
Kurth* s see  A.  Kanter  and  S.J.  Thorson,  "The  Weapons  Pro- 
curement Process:  Choosing  Among  Competing  Theories,"  In 
Rosen,  op.clt. . pp.  157-196. 

83.  Fairchild  Industries,  Inc.,  1975  Annual  Report  (Fairchild 
Industries,  Inc;  Germantom,  MD3 , p.  3. 

84.  Aerospace  Profits  vs.  Risks,  op.clt. . p.  2,  makes  the  same 
point,  although  It  adopts  'the  probability  of  obtaining 
profits  substantially  below  a competitive  average'  as  the 
definition  of  financial  risk  and  suggests  'a  firm's  dis- 
persion (as  measured  by  standard  deviation,  coefficient  of 
variation,  or  skewness)  In  the  rate  of  return  from  Its  trended 
mean'  as  the  best  statistical  measure  of  overall  risk.  Ibid . . 
p.  10.  The  Profit  '76  study  chose  the  standard  deviation  of 
the  firm's  rate  of  return  from  Its  mean  over  a ten-year  period 
as  Its  measure  of  the  firm's  financial  risk.  See  footnote  56 
for  a reference. 

85.  These  might  also  be  called  research  and  development  risks.  Ibid . , 
pp.  2-3.  See  also  Harr,  op.clt. . p.  13.  For  a practical  ex- 
ample of  these  risks  see  "A  plague  of  faulty  fighter  engines," 
Business  Week  (August  25,  1975),  and  "Grumaan  Confirms  Engine 
Problems  Of  F14  Navy  Plane,"  Wall  Street  Journal  (May  21,  1976). 


1012 


86.  See  Aeroeoace  Profits  va.  Risks,  op.clt. . pp.  2-3.  In 
particular,  the  failure  to  make  the  required  advance  In 
one  area,  for  example,  designing  a radar  system  of  the 
required  size  and  weight,  may  necessitate  design  changes 
In  other  parts  of  the  system,  for  example,  redesigning 
other  aircraft  components  to  make  them  smaller  and  ligh- 
ter to  compensate  for  the  excessive  size  and  weight  of  the 
radar  system. 

87.  Ibld.^  p.  2. 

88.  Defense  Procurement  Circular  No.  76-3.  op.clt. . p.  12. 

89.  Over  time  the  Impact  of  this  source  of  risk  may  be  dulled 
by  what  Kurth  calls  the  'follow-on  Imperative':  about 
the  time  one  major  government  contract  phases  out  another 
one  phases  in.  See  Kurth,  Why  We  Buy  the  Weapons  We  Do. 
op.clt. . pp.  38-42,  or  Kurth,  Aerospace  Production  Lines 
and  American  Defense  Spending,  op.clt. . pp.  139-142,  for 
supporting  evidence.  The  reference  provided  In  footnote 
82  takes  a position  contrary  to  Kurth's.  However,  the 
observed  pattern  of  follow-on  awards  may  not.  In  the  opinion 
of  this  writer,  be  the  result  of  government  policy  designed 
to  help  prospective  have-nots,  but  rather,  may  si^ly  re- 
flect the  significant  advantages  - such  as  grasp  of  related 
technology,  trained  labor  force,  available  production  fa- 
cilities, etc.  - a contractor  has  in  bidding  on  follow-on 
contracts. 

90.  See  Sherman,  op.clt. , pp.  153-154. 

91.  Defense  Procurement  Circular  No.  76-3.  op.clt. . pp.  12-15. 

92.  Ibid.,  p.  14. 

93.  The  twin  problems  of  incurring  greater  overall  cost  risk 
through  subcontracting,  while  at  the  same  time  shifting 
cost  risk  onto  subcontractors,  become  somewhat  greater 
when  sork  Is  subcontracted  on  an  International  basis,  as 
it  has  been  on  the  F-16. 

94.  Business  Week  estimates  that  overcapacity  In  the  U.S.  aero- 
space Industry  as  of  January  1977  might  have  been  as  high 
as  40X.  The  New  Face  of  the  Defense  Industry^  op.clt. , 

p.  58.  The  Impact  of  such  overcapacity  Is  partly  mitigated 
by  the  fact  that  much  of  the  overcapacity  Is  In  government- 
owned  plants.  Ibid.,  p.  58.  See  also  Aerospace  Profits 
vs.  Risks,  op.clt. . pp.  5-7. 


95.  Harr,  op.clt. . p.  13,  and  Aerospace  Profits  vsi  Risks,  op.clt. . 


- 


96.  See  General  Dvnaaica;  Winning  In  the  Aerospace  Gaae.  op.clt. . 
and  A shakeout  for  U.S.  fighter-plane  makers ^ op.clt. 

97.  See  N.  Rosenberg  "On  technological  expectations,"  Economic  Journal 
(vol.  86;  no.  343;  September  1976),  pp.  523-535.  Introducing 

an  airplane  'too  soon*  would  give  competitors  an  opportunity 
to  observe  market  demand  and  to  modify  their  aircraft  to 
suit  better  the  needs  of  potential  buyers,  while  Introducing 
it  'too  late'  would  let  the  competitors  capture  a dominant 
position  In  the  market  place.  Exactly  this  sort  of  problem 
confronts  Boeing  and  McDonnell  Douglas  and  their  decisions 
as  to  when  to  Introduce  the  next  generation  of  commercial  jet 
aircraft.  See  "The  Next  Conmierclal  Jet  . . . If,"  Business 
Week  (April  12,  1976). 

98.  As,  for  example,  Northrop's  and  McDonnell  Douglas's  Joint 
venture  on  the  F-18.  Joint  commercial  ventures  across  In- 
ternational boundaries  are  also  likely.  See  "I'm  McDonnell 
Dassault,  buy  me,"  The  Economist  (August  21,  1976),  and 
"Free-world  partners  plan  jets  for  the  19808",  Business 
Week.  (August  30,  1976). 

99.  In  the  case  of  the  McDonnell  Douglas  - Northrop  joint  venture, 
each  will  act  as  a prime  contractor  on  a different  version  of 
the  same  basic  aircraft  - McDonnell  Douglas  on  the  U.S.  Navy 
version  and  Northrop  on  the  land-based  foreign  version  of 

the  F-18.  See  A shakeout  for  U.S.  f lahter-plane  makers ^ op.clt. . 
and  The  New  Face  of  the  Defense  Industry^  op . c It . 

100.  This  was  made  clear  to  the  author  In  the  course  of  Interviews 
with  executives  of  the  nine  firms  listed  In  footnote  1,  and  in 
particular,  during  his  Interview  with  Joseph  G.  Gavin,  Jr., 
President  of  Grumman  Corp. 

101.  Government-furnished  fixed  capital  accounts  for  less  than  20 
percent  of  the  aerospace  Industry's  total  fixed  capital. 

Aerospace  Profits  vs.  Risks,  op.clt. , pp.  5-6, 

102.  This  Is  one  of  the  Intentions  of  the  Profit  '76  study's  recom- 
mendations, namely,  to  get  defense  contractors  to  purchase 
their  own  plant  and  equipment.  The  New  Face  of  the  Defense 
Industry,  op.clt. . p.  56. 

103.  Working  capltsl  requirsments,  sxpressed  per  dollar  of  sales, 
are  higher  In  the  aerospace  Industry  thsn  In  other  durable 
goods  industries  beesuse  of  the  long  lead  times  for  develop- 
ment and  the  high  cost  of  skilled  engineering  and  technical 
talent.  The  government  funds  st  least  one-half  of  the  aero- 
space Industry's  working  capital  requirements.  Aerospace 
Profits  vs.  Risks,  op.clt. . pp.  5-6. 
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104.  The  desirability  of  government-furnished  capital  Is  a question 
debated  among  the  military  airframe  builders.  On  the  one  hand, 
Northrop  believes  that  contractors  should  own  all  their  o%m 
facilities  and  bear  all  the  financial  and  business  risks  - 
even  to  the  extent  of  doing  development  work  under  fixed- 
price  contracts  - and  receive  greater  profits  accordingly, 
while  on  the  other  hand,  Grumman  believes  that  DOD  should 
provide  a large  portion  of  the  capital  and  shoulder  a large 
share  of  the  risks,  particularly  those  associated  with  research 
and  development.  The  New  Face  of  the  Defense  Industry,  op.clt. , 
p.  58.  Based  on  personal  Interviews,  this  writer's  conclusion 

is  that  the  Grumman  viewpoint  Is  shared  by  most,  but  not  all, 
of  the  other  major  military  airframe  builders. 

105.  See  Aerospace  Profits  vs.  Risks,  op.clt. , pp.  10-11;  Risk 
Elements  In  Government  Contracting,  op.clt. . ch.  1;  and 
F.T.  Moore,  "Incentive  Contracts,"  in  S.  Enke,  ed..  Defense 
Management  (Prentice-Hall;  Englewood  Cliffs,  N.J.;  1967), 
ch.  12. 

106.  Ibid.,  ch.  12;  O.W.  Williamson,  "The  Economics  of  Defense 
Contracting:  Incentives  and  Performance,"  In  R.N.  McKean, ed.. 
Issues  In  Defense  Economics  (Columbia  University  Press;  New 
York;  1967),  pp.  217-256;  F.M.  Scherer,  "The  Theory  of 
Contractual  Incentives  for  Cost  Reduction,"  Quarterly  Journal 

of  Economics  (vol.  78;  no.  2;  May  1964,  pp.  257-280;  J.J.  McCall, 
"The  Simple  Economics  of  Incentive  Contracting,"  American 
Economic  Review  (vol.  60;  no.  5;  December  1970),  pp.  837-846; 
and  M.E.  Canes,  "The  Simple  Economics  of  Incentive  Contracting: 

Alll^r^ran  Ernnnmip  Review  (vol.  65;  nO.  3;  June  1975), 
pp.  478-483.  The  Scherer  paper  Is  particularly  noteworthy 
because  It  offers  empirical  evidence  In  support  of  the  hypothesis 
that  defense  contractors  are  risk  averse.  Scherer,  The_Theory 
of  Contractual  Incentives  for  Cost  Reduction,  op.clt. , pp. 
273-276. 

107.  These  basic  contract  types,  as  well  as  several  variations,  are 
discussed  in  Evans,  Margulis,  and  Yoshpe,  op.clt. 

108.  Defense  Procurement  Circular  No.  76-3.  op.clt . , pp.  12-15. 

See  also  Aerospace  Profits  vs.  Risks,  op.clt. , p.  10. 

109.  An  extreme  case  in  which  virtually  all  risk  was  borne  by  the 
contractor  was  the  'total  package  procurement'  policy  Intro- 
duced by  Robert  McNamara  when  he  was  Secretary  of  Defense. 

Under  total  package  procurement,  companies  were  forced  to  bid 
on  a fixed-price  contract  covering  both  development  and  pro- 
duction, and,  as  Lockheed's  experience  on  the  C-5A  transport 
contract  and  Grumman* s experience  on  the  F-14  contract  attest, 
the  contractor's  risk  of  severe  financial  loss  due  to  such 
factors  as  Inflation  and  unforseen  costs  were  Intolerably 
high,  and  as  a result,  total  package  procurement  has  been 
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abandoned  In  favor  of  separate  contracts  for  development  and 
production,  with  the  former  normally  on  a cost-plus  basis  and 
with  the  latter  normally  on  a FPI  basis  for  the  early  stages 
of  production.  Defense  Procurement  Circular  No.  76-3.  op.clt. . 

p.  12. 


no.  Ibid. . p.  11 

111.  Ibid. , p.  11,  and  Risk  Elements  In  Government  Contracting, 

, ch . 2 . 

112.  For  example,  Fairchild  Industries 's  attempts  to  develop  its 
communications  business  (see  "A  Last  Run  For  The  Money," 
Forbes  (May  15,  1976))  and  Rockwell  International's  acqui- 
sition of  Admiral  Corp.  and  many  other  commercially  oriented 
companies  (see  "Rockwell  walks  a rough  road  to  profits," 
Business  Week  (November  3,  1975)  and  "Rockwell’s  surprising 
winner:  Collins  Radio,"  Business  Week  (November  15,  19/6)). 
In  addition.  General  Dynamics  recently  announced  its  inten- 
tion to  look  for  potential  non-aerospace  commercial  acquisi- 
tions (see  "General  Dynamics  Sees  Bright  Future  On  Strength 
of  Tanker,  Fighter  Projects,"  Wall  Street  Journal  (January 
27,  1977)). 

113.  The  difference  between  the  median  values  of  the  average 
return  on  equity  Is  so  much  smaller  than  the  difference 
between  the  median  values  for  the  average  return  on  total 
capital  because  a significant  portion  of  the  major  airframe 
builders'  total  capital  is  provided  by  the  government  and 
because  the  major  airframe  builders  tend  to  have  higher 
debt-equity  ratios  than  firms  In  other  Industries.  In 
addition,  the  difference  in  Table  VI-5  between  median  return 
on  total  capital  for  the  alrfran^e  builders  and  for  all  In- 
dustries probably  understates  the  true  difference  because 
'total  capital'  In  the  table  excludes  human  capital,  of 
%fhlch  the  aerospace  Industry  has  proportionately  more  than 
other  Industries. 

114.  More  rigorously,  a difference  of  medians  test  was  performed. 
See  W.L.  Hays,  Statistics  (Holt,  Rinehart  and  Winston; 

New  York;  1973),  pp.  194-197.  Testing  the  null  hypothesis 
that  the  average  rate  of  return  on  equity  for  the  nine  major 
airframe  builders  has  the  same  distribution  as  the  average 
rate  of  return  on  equity  for  the  other  eight  aerospace  firms 
Included  by  Forbes  (Aerospace  and  Defense,  op.clt. . p.  133) 
against  the  alternative  hypothesis  that  the  other  eight  firms 
have  a higher  median  return  yielded  a critical  (at  the  .05 
level)  score  of  six.  Since  the  'other*  sample  had  only  five 
values  above  the  grand  median,  the  null  hypothesis  could  not 
be  rejected.  Since,  by  Inspection,  the  Industry  median  and 
the  all-industry  median  are  not  significantly  different,  the 
conclusion  stated  In  the  text  follows. 
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115. 
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117. 

118. 

119. 

120. 

121. 

122. 

123. 

24. 


Several  other  studies  have  reached  the  same  conclusion. 

For  example,  see  Ueldenbaum,  op.clt. . pp.  69-70.  It 
should  be  emphasized  that  this  conclusion  carries  no  Im- 
plication regarding  the  question  of  whether  profits  are 
adequate  In  relation  to  risks.  Further,  It  should  be 
noted  that  If  either  of  the  other  two  measures  of  profit- 
ability In  Table  VI-5  are  used  as  the  basis  of  comparison  - 
as  they  often  are  In  studies  sponsored  by  the  aerospace 
Industry  - then  the  opposite  conclusion  Is  drawn,  namely, 
that  aerospace  profits  are  significantly  lower  than  profits 
In  other  Industries.  See  Aerospace  Profits  vs.  Risks,  op. 
clt. . pp.  13-17. 

See  Rockwell  walks  a rough  road  to  profits,  op.clt. . for 
a discussion  of  these  acquisitions  and  the  growth  motive 
that  lay  behind  them. 

This  dominance  Is,  of  course,  one  factor  that  tends  to 
discourage  potential  entrants. 

See  R.C.  Fraser,  A.D.  Donhelser,  and  T.G.  Miller,  Jr., 

Civil  Aviation  Development:  A Policy  and  Operations 
Analysis  (Praeger;  Mew  York;  1972),  pp.  9-12. 

Both  to  replace  older,  less  fuel  efficient  aircraft  and 
to  meet  new  federal  noise  standards.  See  Harr,  op.clt. . 
p.  14,  and  Aerospace  and  Defense,  op.clt . . p.  136. 

See  Nation's  Airlines  Face  A Key  Problem;  How  To  Pay  for 
New  Planes,  op.clt.  The  problems,  financial  and  other- 
wise, that  confront  the  commercial  aircraft  end  of  the 
aerospace  Industry  are  discussed  in  R.C.  Fraser,  A.D. 
Donhelser,  and  T.G.  Miller,  Jr.,  op.clt. 

See  The  Next  Commercial  Jet  . . .If.  op.clt. 

Harr,  op.clt. . p.  14.  As  a result,  losses  can  be  large. 

See  Lockheed  Sets  L-1011  Charge  Of  $515  Million,  op.clt. 

Harr,  op.clt. , pp.  14-15.  The  significance  of  foreign  sales 
and  foreign  competition  Is  discussed  in  the  next  subsection. 


Ibid . , pp.  15-16. 


f«r  -aTf!  Fairchild  Industries  Is  experiencing  large 
■ iTt  Is  trying  to  start  up  Its  conaunlcatlons  business 
plans  ts  nan  the  profits  It  hopes  to  earn  on  Its  A-10 
f ••  f 1 1»  pmy  t Kaaa  start -op  costs.  See  A Last  Run  For 
'V  ^ * sarond  ensapla,  Lockheed  has  ex- 

• *a*  ' -tr—  nn  Its  L-lOtl  TrlStar  program,  but 
«*roaaa  baafnass.  Is  able  to  aect 
'Itearb  s«  Uscblisnd  proclalas  an 

• M*  /•.  ) 


126.  This  point  was  made  by  several  of  the  executives  inter- 
viewed by  the  author.  Problems  these  firms  face  in  trying 
to  diversify  into  commercial  markets  are  discussed  in 

J.S.  Gilmore  and  D.C.  Coddington,  Defense  Industry  Diversi- 
fication CU*S.  Arms  Control  and  Disarmament  Agency; 

Washington,  D.C.;  January  1966). 

127.  See  Rockwell  walks  a rough  road  to  profits,  op.clt . . and 
Rockwell's  surprising  winner;  Collins  Radio,  op.clt.  An 
earlier  study  by  Gilmore  and  Coddington  reached  the  oppo- 
site conclusion,  namely,  that  aerospace  firms  favor  growth 
by  Internal  means.  Gilmore  and  Coddington,  op.clt.  How- 
ever, their  study  covered  a time  period  in  which  the  growth 
prospects  in  these  firms'  traditional  markets  were  excellent. 
Since  the  managers  of  these  firms  were  preoccupied  with 
developments  in  their  traditional  markets,  it  is  not  sur- 
prising that  Gilmore  and  Coddington  found  that  the  degree  of 
diversification  undertaken  by  these  firms  was  insignificant 
in  terms  of  its  Impact  on  company  sales  and  profits. 

128.  Aerospace  Profits  vs.  Risks,  op.clt. . p.  3. 

129.  During  interviews  conducted  by  the  author,  executives  of 
several  of  the  firms  that  are  more  heavily  dependent  on 
government  sales  expressed  a desire  to  see  their  companies 
expand  their  commercial  operations  enough  to  attain  a 50-50 
sales  split  between  government  and  non-government  business. 
David  S.  Lewis,  Chairman  of  General  Dynamics  Corp. , has  also 

stated  publicly  his  company's  goal  of  a 50-50  sales  split. 

See  "General  Dynamics  renews  its  Pentagon  romance,"  Business 
Week  (February  3,  1975). 

130.  However,  as  several  aerospace  executives  have  recognized, 
government  sales  can  provide  stability  when  commercial  demand 
weakens  - provided  the  business  cycle  and  the  political 
cycle  do  not  cause  military  sales  and  commercial  sales  to  turn 
down  simultaneously.  Ibid . , pp.  58-59. 

131.  Harr,  op.clt. . p.  16. 

132.  "Anatomy  of  the  Arms  Trade,"  Newsweek  (September  6,1976). 

133.  See,  for  example,  L.  Kraar,  "Grumman  Still  Flies  For  Navy, 

But  It  Is  Selling  the  World,"  Fortune  (February  1976).  Over 
the  last  decade  Northrop  Corp.'s  major  product  has  been  the  F-5, 
the  market  for  which  has  been  almost  entirely  overseas.  See 
"The  New  Adventures  of  Tom  Jones,"  The  New  York  Times  (Sep- 
tember 19,  1976). 


J 


1018 


See  "Belgium  Joins  Others,  Picks  U.S. -Built  F-16,"  Wall 
Street  Journal  CJune  9,  1975);  "The  Politics  Of  The  F-16," 
Forbes  (December  15,  1976);  and  "NATO  Defense  Chiefs  Agree 
In  Principle  To  Buy  AWACS  If  Financing  Is  Settled,"  Wall 
Street  Journal  (December  9,  1976), 


Harr,  op.clt. . p.  16.  For  a practical  example,  see  "Iran 
Seeks  300  General  Dynamics  F-16s,  Near  Double  of  What  U.S 
Agreed  to  Sell,"  Wall  Street  Journal  (September  13,  1976) 


See  "Lockheed  Signs  $1.03  Billion  Agreement  With  Canada  for 
Planes,  Related  Work,"  Wall  Street  Journal  (July  22,  1976); 
Belgium  Joins  Others.  Picks  U.S.-Built  F-16.  op.clt. ; and 
NATO  Defense  Chiefs  Agree  In  Principle  To  Buy  AWACS  If 
Financing  Is  Settled,  op.  clt. 


Business  Week  (June  23 


'Buying  guns  to  sell  planes 


See  "European  Members  of  NATO  Strive  to  Build  Weapons  Industry 
to  Compete  With  U.S.  Firms,"  Wall  Street  Journal  (November  3, 
1976). 


Harr,  op.clt. . p.  15.  The  forelgn-ovmed  airlines  have  also 
contributed  greatly  to  overcapacity  on  International  routes, 
and,  to  the  extent  that  such  overcapacity  has  hurt  the  U.S. 
International  airlines  financially,  this  may  have  had  a detrl 
mental  Impact  on  commercial  aircraft  sales  of  the  U.S.  aero- 
space Industry.  See  T.  O'Hanlon,  "The  Mess  That  Made  Beggars 
of  Pan  Am  and  T.W.A.,"  Fortune  (October  1974). 


See  "Air  Transportation:  The  Real  Issues,"  Government  Exec 
utlve  (October  1976),  for  a discussion  of  the  consequences 
of  this  pooling. 


Harr,  op.clt 


142.  See  Free-morld  partners  plan  lets  for  the  1980s.  op.clt 


These  longer  periods  are.  In  one  case,  a short  term  planning 
period  of  five  years  and  a long  term  planning  period  of  ten 
years,  and  In  the  other  case,  a short  term  planning  period  of 
two  years  and  a long  term  planning  period  of  seven  years. 

The  other  seven  firms  use  the  one  year  and  five  year  time 
horizons  stated  In  the  text. 


In  many  cases  there  Is  more  than  one  division,  as  for  example 
McDonnell  Aircraft  Company,  which  produces  mainly  military 
aircraft,  and  Douglas  Aircraft  Company,  which  produces  mainly 
commercial  aircraft  (and  which  was  a separate  company  until 
taken  over  by  McDonnell  In  1965)  of  McDonnell  Douglas  Corp. 
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145.  In  several  cases,  such  as  LTV's  Voughc  Corp.,  the  aero- 
space operations  are  centralized  In  a wholly  owned  sub- 
sidiary, rather  than  a division,  and  the  parent  company 
Is  a holding  company.  For  the  purposes  of  this  chapter, 
the  distinction  between  a division  and  a wholly  owned 
subsidiary  Is  not  an  Important  one  since  It  does  not  af- 
fect the  corporate  planning  process. 

146.  These  are  discussed  In  chapter  two  of  this  thesis. 

147.  See  section  G In  chapter  two  of  this  thesis. 

148.  See  section  H In  chapter  two  of  this  thesis. 


149.  For  the  eight  of  the  nine  firms  that  have  a company  presi- 
dent - General  Dynamics  has  Instead  three  executive  vice 
presidents  with  specific  area  responsibilities  within 
which  each  serves  In  the  same  capacity  as  the  president  of 
a subsidiary  would  (see  General  Dynamics;  Winning  In  the 
Aerospace  Game,  op.clt. ) - that  Individual  (and  often  one 

or  more  other  top  executives)  sits  on  the  board  of  directors. 

150.  Major  shareholders  are  particularly  Influential  at  McDonnell 
Douglas  and  Rockwell,  where  they  hold  top  management  posi- 
tions, Including  chairman  of  the  board  of  directors,  and 

at  General  Dynamics,  where  the  major  shareholder  personally 
recruited  the  chairman  of  the  board  of  directors.  See 
Rockwell  walks  a rough  road  to  profits,  op.clt. . which  de- 
scribes Chairman  Willard  F.  Rockwell's  role  In  determining 
Rockwell  International's  objectives,  and  General  Dynamics; 
Winning  In  the  Aerospace  Game,  op.clt. , which  describes  the 
Influence  of  the  firm's  largest  stockholder,  Henry  Cro%m. 

151.  To  make  the  author's  view  of  the  typical  airframe  builder's 
objectives  more  clear.  It  Is  his  belief  that  each  of  the 
three  theories  - traditional,  managerial,  and  behavorlal  - 
has  something  to  contribute  to  the  overall  understanding 

of  these  firms'  objectives,  though  any  one  of  the  three 
on  Its  own  gives  an  Incomplete  picture. 


152.  General  Dynamics  renews  Its  Pentagon  romance,  op.clt . 

153.  The  question  of  weapons  system  quality  and  the  preferences 
of  the  U.S.  government  with  regard  to  quality,  cost,  and 
development  time  are  discussed  In  Peck  and  Scherer,  op.clt. . 
ch.  10. 
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154.  This  carryover  effect  Is  probably  stronger  the  greater  is 
the  technological  complementarity  between  the  particular 
commercial  product  and  the  firm's  high  technology  military 
aircraft,  e.g.  It  Is  likely  to  be  stronger  for  commercial 
aircraft  than  for  such  Items  as  refrigerators  or  canoes. 

155.  The  connection  between  proposed  projects  and  managerial 
emoluments  may  appear  somewhat  tenuous.  In  many  cases, 
however,  a portion  of  managerial  compensation  Is  based  on 
an  Incentive  compensation  scheme,  so  that  proposed  pro- 
jects can  affect  compensation  through  their  impact  on  the 
company's  performance.  For  example,  Boeing  has  an  Incentive 
compensation  plan.  See  The  Boeing  Company  Form  10-K.  op. 
clt. . p.  14  and  Exhibit  15. 

156.  For  eight  of  the  nine  firms  - Rockwell,  whose  fiscal  year 
ends  September  30,  Is  the  exception  - the  fiscal  year 
parallels  the  calendar  year.  Unfortunately,  the  one  ex- 
ception makes  It  necessary  to  describe  the  planning  cycle 
In  terms  of  quarters  (of  the  fiscal  year),  rather  than  in 
terms  of  calendar  months. 


157.  For  example.  If  the  objective  Is  held  to  be  expected  util- 
ity maximization,  then  specifying  the  appropriate  utility 
function  Involves  theoretical,  as  well  as  practical,  diffi- 
culties. See  G.M.  Heal,  The  Theory  of  Economic  Planning 
(American  Elsevier;  New  York;  1973),  ch.  2. 

158.  For  example,  formulating  the  planning  problem  as  a non- 
linear programming  problem  that  contained  an  objective 
function  that  reflected  not  only  the  objectives  discussed 
In  section  C,  but  also  the  existence  of  uncertainty,  and 
that  also  contained  the  many  constraints  needed  to  charac- 
terize the  real-world  planning  problem,  might  lead  to  any 
one,  or  possibly  several,  of  the  problems  often  encountered 
In  trying  to  solve  large  scale  nonlinear  programming  prob- 
lems. See  H.M.  Wagner,  Principles  of  Operations  Research. 

2nd  ed.  (Prentice-Hall;  Englewood  Cliffs,  N.J.;  1975), 
chs.  14-15. 

159.  A third  reason  could  be  added  to  the  two  already  mentioned: 
a basic  distrust  of  planning  models.  Several  of  the  plan- 
ning executives  Interviewed  by  the  author  were  steadfast 

In  their  belief  that  planning  models  of  any  kind  - whether 
of  the  mathematical  programming  variety,  of  the  simulation 
variety,  or  of  some  other  variety  - would  disrupt,  rather 
than  promote,  the  long  term  and  short  term  planning  process. 

160.  The  notion  of  a planning  process  that  Is  optimal  In  the 
sense  of  being  most  cost  effective,  rather  than  In  the  sense 
of  leading  to  an  optimal  solution  to  the  planning  problem. 

Is  analogous  to  Baumol's  and  Quandt's  optimally  Imperfect 
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rules  of  thumb  for  business  decisions.  See  U.J.  Baumol 
and  R.E.  Qtiandt,  "Rules  of  Thumb  and  Optimally  Imperfect 
Decisions.”  American  Economic  Review  Cvol.  54;  no.  2; 

March  19641,  pp,  23-46, 

161.  The  terms  'division'  and  'divisional',  it  should  be  re- 
emphasized, are  used  to  refer  to  the  principal  operating 
units  of  the  corporation.  These  principal  operating 
units  are  variously  referred  to  as  companies  (e.g.  Douglas 
Aircraft  Company  and  McDonnell  Aircraft  Company  of  McDonnell 
Douglas  Corp.),  as  divisions  (e.g.  Convair  Division  and 
Fort  Worth  Division  of  General  Dynamics  Corp.),  as  subsidl- 
aires  (e.g.  Vought  Corp  of  LTV  Corp.  and  Grumman  Aerospace 
Corp.  of  Grumman  Corp.),  and  as  groups  (e.g.  Admiral  Group 

of  Rockwell  International  Corp.).  Often  the  principal 
operating  units  will  themselves  have  divisions,  but  in  %rhat 
follows  the  focus  is  on  the  principal  operating  units,  and 
the  terms  'division'  and  'divisional'  refer  to  these  units 
only  and  not  to  their  subdivisions. 

162.  See  the  previous  footnote. 

163.  Note  that  the  three  plans  outline  the  division's  needs  for 
three  classes  of  resources.  The  technical  plan  deals  with 
human  capital  resources;  the  manpower  and  production  plan 
deals  essentially  with  labor  resources  (although  managerial 
talent  also  contains  a large  human  capital  component);  and 
the  facilities  plan  deals  with  physical  capital  resources. 

164.  See  footnotes  3 and  94. 

165.  It  is  almost  univcrsially  accepted  within  the  industry  that 
once  a new  tfeapons  program  appears  in  the  Five  Year  Defense 
Plan  it  is  generally  too  late  to  begin  the  research  and  de- 
velopment process  for  that  program. 

166.  Also,  as  will  be  pointed  out  in  the  next  section,  it  is  the 
division's  responsibility,  in  formualting  the  operating  plan, 
to  allocate  sufficient  manpower  and  funds  to  form  the  required 
bid  and  proposal  teams  for  those  new  programs  on  which  the 
company  (through  the  division)  intends  to  bid. 

167.  Early  Revival  Unlikely  As  Jumbo-Plane  Sales  Continue  to 
Languish,  op.cit. 

168.  Boeing,  McDonnell  Douglas,  and  Lockheed  are  doing  this,  but 
Boeing's  747  production  line  and  McDonnell  Douglas's  DC-10 
production  line  were  each  operating  at  approximately  20X  of 
capacity  at  the  end  of  1976.  Ibid. 

169.  See  "Swissair  Seeks  to  Launch  New  DC9  Model  With  Order  to 
McDonnell  Douglas  Corp,."  Wall  Street  Journal  (January  20, 
1977). 
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For  example,  an  airplane  that  costa  $30  million  to  build 
will  Involve  an  interest  cost  of  $2S0,000  for  every  month 
It  remains  unsold  (assuming  an  annual  Interest  rate  of  10 
percent . ) 


See,  for  example,  Lockheed  Sets  L-1011  Charge  Of  $515  Million 
op.cit . 


Schults,  op.cit. . ch.  3.;  B.F.  Kikar,  "The  Historical  Roots 
of  the  Concept  of  Human  Capital,"  in  Hiker,  op.cit. . pp. 
$1-77;  and  Becker,  op.cit. . ch.  II.  A broader  definition 
of  human  capital  would  also  include  the  okills  and  know-how 
ambodied  in  the  firm's  production  workers,  but  since  the 
focal  point  of  this  section  is  long  term  planning,  and  in  par 
tlcular,  the  allocation  of  scientists,  engineers,  designers, 
and  technicians,  the  narrower  definition  provided  in  the  text 
seems  to  this  writer  more  appropriate. 


The  distinction  between  fixed  capital  and  human  capital,  as 
well  as  the  distinction  between  these  types  of  capital  and 
other  types  of  capital,  are  discussed  In  the  papers  cited  in 
footnote  172. 


Under  the  wider  definition  of  human  capital,  which  was  men- 
tioned in  footnote  173,  one  would  have  to  include  also  the 
services  of  human  capital  (embodied  in  production  «K>rkers) 
that  are  provided  during  the  production  phase  of  the  pro- 
gram. This  particular  flow  of  human  capital  services  under 
lies  the  learning  curve  discussed  in  section  B. 


This  is  particularly  Important  in  the  airframe  industry, 
trtiere,  as  discussed  in  section  B,  a significant  portion 
of  the  total  fixed  capital  is  provided  by  the  government 


One  of  the  consequences  of  the  human  capital  embodied  in 
aerospace  engineers  and  scientists  may  be  the  existence  of  a 
segmented  labor  market  for  persons  embodying  these  skills 
and  knowledge.  This  body  of  theory  is  discussed  in  G.G.  Cain, 
"The  Challenge  of  Segownted  Labor  Market  Theories  to  Orthodox 
Theory*  A Survey,"  Journal  of  Economic  Literature  (vol.l4; 
no.  4;  December  1976),  pp.  1215-1257. 


178.  Th«  dlfficulClM  •nd  coats  assoclatad  with  trying  to 
avaluata  a proapactlva  aaployoa'a  stock  of  huaan  capl* 
tal  ara  discuss^  In  J,G.  Rilay,  "InforMtlon,  fcrsonlng 
and  Huaan  Capital,"  Aasrlcan  Icoooaic  kavlao  (vol.M) 
no.  2;  Nay  1976),  pp.  254-260. 

179.  And  thia  is  likaly  to  bocoM  incroasingly  inportant  as 
tha  Dapartaant  of  Dafansa  iaplaaanta  its  now  dasign-to- 
cost  policy.  Tha  policy  ia  outlinad  in  oaaaral  DOD 
and  aarvica  instructions  boginning  with  Oopartaoat  of 
Dafansa  Diractiva  5000.28,  "Dasign  to  Coot"  (Nay  21, 

1975).  Tha  concopt  of  daaign  to  coat  is  anplainod  in 
J.J.  konnatt,  "Dasign  to  Coot",  Cos— dac*«  D|yat 
(vol.  19t  no.  17;  Aaiguot  12,  1976^.  - - 

180.  Thaoa  f Iras'  ralurtanca  to  lay  off  kay  anginaaring 
parsonnal,  for  aaanpla,  has  lad  to  accuoations  of 
hoarding  of  anginaaring  parsonnal.  Savoral  atudias 
hava  providad  avidonca  that  anginaaring  talani  ia 
baing  waatad  in  Jobs  that  raguira  only  rawtina  shills. 

Saa  Pack  and  Schorar,  op.clt. . pp.  515-517.  This  snp- 
pooad  'hoarding*  nay,  in  tha  opinion  of  this  wrltar, 
still  ba  loaa  costly  to  tha  fira  than  a policy  of 
hiring  and  firing  duo  to  tha  potsntlally  high  coats 

of  saarchlng  for  tha  ra^uirad  talant. 

181.  Harr,  oa.c it . . p.  12. 

182.  Tha  two  aacaptions  ara  notod  in  footnota  141.  la  oach 
of  thaaa  caaas,  howaaar , tha  first  yoar's  oparatlng 
plan  ia  givao  in  tha  grastoot  datall  and  is  praaantsd 
in  tha  fora  of  a budgat. 

183.  Tha  budget  praparation  priwasa  is  dascribod  in  naaaga- 
aant  accounting  taxtbooks.  Saa,  for  axanpla,  K.M.  Anthony 
and  C.A.  Uolsch,  PwidgNinf la  of  HanMwant  Accowitl— 
(Irwin;  Hoaawood,  111;  1974),  eh.  11. 

184.  In  none  caaas,  howavar,  tha  projactlons  for  tha  first  (aw 
yaars  of  tha  long  tarn  plan  ara  brokan  out  on  a quartar- 
by-quartar  basis. 

185.  The  overhead  rata  la  a ratio  that  la  applied  to  tha  cost 
of  an  hour  of  direct  labor  In  order  to  allocate  indirect 
costa,  such  as  general  and  adnlnlstratlve  axpenses,  de- 
preciation and  nalntenance,  utilities,  ate.,  over  the 
goods  produced.  Often  several  different  overhead  rates 
are  used.  For  exanple,  government  procurement  regulations 
favor  the  following  three:  a manufacturing  overhead  rate, 
an  engineering  overhead  rate,  and  a general  and  adminis- 
trative expenses  overhead  rate.  See  Defense  Procurement 
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Circular  Ma.  7t-3.  oa.cit. . p.  11.  A general  dlacussion 
o'  overhead  ratea  and  their  coaputatlon  can  be  found  in 
Anthony  and  Uelach,  on.cit. . pp.  70-7A.  Uaing  their 
teralnology,  the  contractor  and  the  govemaent  negotiate 
a 'predeteralned  overhead  rate*  for  each  overhead  coat 
pool  once  a year.  The  evaluation  of  overhaada  aa  part 
of  deteialnlng  contractor  faea  la  dlacuaaad  In  Def imae 
rrocureaent  Clrchlnr  lk>.  7t»3.  op.clt..  pp.  11-12.  The 
apparent  tendancy  for  contractora  to  try  to  Include  In- 
direct labor  aa  direct  labor  In  order  to  reduce  the  over- 
head ratea  and  appear  aora  efficient  than  they  really  are 
in  argued  In  Peck  and  Scherer,  oa.cit. . pp.  517-S19. 

Its.  Thta  la  not  neant  to  euggeet  that  auch  'aoaiataoce*  la 
ainaye  nelconad  by  the  contractor. 

1S7.  Recently,  aa  one  reawlt  of  the  frofit  '7k  ntudy,  the 

«Mtght  attached  to  contractor  perfomance  In  detamlnlng 
the  fee  to  he  earned  on  a contract  hea  been  reduced  fron 

kSS  te  vn.  lee  Dafnnna  rrafiif  r rircuUr  Up.  7k-3. 

SftiCiLL,  p.  2. 

IM.  Ibid.,  pp.  1-11. 

Itk.  Due  te  the  Inportance  of  neat  leg  delivery  achedulaa,  there 
nay  he  a tendenry  for  flma  to  oveman.  See  Pock  and 
Scherer,  oa.cit. . pp.  Slk-S17.  Such  ovemanolng,  to  the 
eatoat  thai  It  raduceo  the  rlak  of  late  delivery  (and  poor 
contract  pertornnaca)  and  to  the  aatent  that  the  coat  of 
ovemannlag  la  horna  hy  the  govemnent , coeat  Itutea  a 
tranafer  of  rlak  fron  the  contractor  to  the  governnent. 

1*0.  See  Uri»  Mvivnl  Unlihnlr  la  liahn  Pin—  flea  Continue 
to  ye^fl}.  W.cU. 

1*1.  Several  executlvea  intervleued  by  the  author  Indicated  that, 
even  when  couMrclal  danand  la  atrong,  thaae  advance  paynenta 
aeldon  exceed  2SX  of  production  coata,  aa  oppoaed  to  the 
governnent  * a provlalon  of  progreaa  paynenta  covering  SOX  of 
(allowable)  coata. 

J92.  Ibid. 

193.  Thla  la  not  neant  to  inply  that  dlvlalonal  managers  always 
wait  until  the  corporate  review  to  Indicate  problem  areas, 
although  thla  may  happen.  Normally,  serious  problems  are 
called  to  the  attention  of  top  management  p.b  they  arise, 
and  the  corporate  review  process  is  one  place  where  top 
management  can  become  forewarned  of  potential  problem  areas. 
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VII.  A MODEL  OF  A REPRESENTATIVE  AIRFRAME  BUILDER 

A.  INTRODUCTION 

Chapter  six  characterized  the  nine  major  military  airframe 
builders  in  the  United  States  and  described  their  long  term 
and  short  term  planning  processes.  The  purpose  of  this  chapter 
is  to  develop  a model  of  a representative  U.S.  military  air- 
frame builder  that  can  be  used  to  study  several  of  the  issues 
raised  in  chapter  six,  such  as  how  the  desire  of  these  firms 
to  maintain  stable  employment  for  their  skilled  scientific 
and  engineering  talent  affects  their  behavior.  The  development 
of  the  airfraxM  builder  model  proceeds  via  several  modifications 
of  the  author's  basic  theoretical  model  described  and  analyzed 
in  chapters  three  through  five  of  this  thesis. 

While  there  have  been  many  studies  of  both  the  U.S.  aero- 
space industry^  and  the  government-contractor  relationship 

2 

during  the  weapons  acquisition  process,  there  have  been  few 
attempts  to  model  a defense  contractor.  Scherer,  McCall, 
and  Baron  have  developed  models  of  contractor  behavior  that 
are  mainly  concerned  with  the  effects  that  Incentive  contracts 
have  on  contractor  bidding  and  contractor  performance.^ 

All  three  models  assume  that  the  firm  is  of  the  traditional 
type.^  Gorgol  has  developed  a simulation  model  and  Jones 
has  specified  a production-investment-finance  model  of  a 
representative  contractor.  Both  these  studies  were  mainly 
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concerned  with  model  formulation  - Indeed 


both  carefully 


tried  to  formulate  a 'realistic'  model.  Gorgol's  study  yielded 


few  analytical  results,  as  it  was  that  author's  intention 


to  try  to  simulate  actual  behavior,  rather  than  to  explore 
changes  in  contractor  behavior  in  response  to  changes  in 
government  policy.  Jones's  study  did  not  deal  with  analytical 


issues  as  it  is  that  author's  Intention  to  treat  these  topics 


in  later  papers. 

In  this  chapter,  two  versions  of  the  airframe  builder 
model  are  developed,  one  without  progress  payments  and  the 
other  with  progress  payments,  and  the  operating  and  financial 
policies  suggested  by  the  two  models  are  compared  in  order 
to  evaluate  the  impact  of  the  government's  policy  of  granting 
progress  payments  to  cover  a portion  of  a contractor's  costs 
under  ongoing  production  contracts.  The  chapter  begins 
with  the  development  of  the  airframe  builder  model  without 
progress  payments.  The  model  employs  the  time-state-preference 
approach  to  modeling  uncertainty  and  takes  into  account 

g 

contractor  risk  aversion.  The  model  is  used  in  section  C 


to  derive  a representative  airframe  builder's  optimal  operating 
and  financial  policies.  In  section  D progress  payments  are 
incorporated  into  the  model.  The  implications  of  progress 
payments  are  derived  by  comparing  the  optimal  operating  and 
financial  policies  obtained  from  this  version  of  the  model 


with  those  obtained  in  section  C.  The  airframe  builder 


model  is  also  used  to  study  the  impact  of  other  aspects  of 
government  procurement  policy  on  contractor  behavior.  In 

particular,  several  of  the  implications  of  the  new  design- 

9 10 

to-cost  policy  and  the  recent  Profit  '76  study  are  explored 


in  section  E 
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B.  THE  AIRFRAME  BUILDER  MODEL 


The  purpose  of  this  section  is  to  develop  the  basic  model 
'of  a representative  airframe  builder  for  the  special  case 
in  which  progress  payments  are  not  needed  because  the  flow 
of  cash  from  the  government  to  the  contractor  matches  perfectly 
the  recognition  of  revenue  and  profit  by  the  contractor. 

The  model  described  below  is  an  extension  of  the  model  of 
the  expected  collective  utility  maximizer  set  out  and  analyzed 
in  chapters  three  through  five  of  this  thesis.  As  described 
below,  the  modifications  to  the  theoretical  model  are  made 
in  accordance  with  the  analysis  of  the  planning  processes 
of  the  major  military  airframe  builders  presented  in  chapter 
six.  The  further  generalization  of  the  model  to  Incorporate 
progress  payments  is  carried  out  in  section  D. 

As  in  chapters  three  through  five,  it  is  assumed  that 
the  firm  has  a finite  planning  horizon  of  length  T periods. 

As  indicated  in  chapter  six,  in  most  cases  T * 5 years,  though 
in  one  case  T ■ 7 years  and  in  another  case  T » 10  years. 

For  this  reason  T is  left  arbitrary.  In  addition,  T is  measured 
in  discrete  time  units.  It  is  convenient  to  treat  both  short 
term  planning  and  long  term  planning  within  the  same  basic 
model,  so  that  the  units  in  which  T is  measured  are  referred 
to  as  ’periods'.  It  is  to  be  understood  that  the  discrete 
'period'  stands  for  'year'  in  the  case  of  long  term  planning 
and  for  'quarter'  in  the  case  of  short  term  planning. 

As  in  chapter  four,  it  is  assumed  that  at  each  time  t 
there  are  S distinguishable  states  of  nature. These  are 
designated  s - 1 S.  The  time  periods  are  designated 
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T,  where  t » 0 denotes  the  present,  at  which 


t - 0,  1,  . . . , 

the  state  of  nature  is  assumed  known  with  certainty.  Henceforth, 
the  double  subscript  t,s,  ll.t£T,  l£sf^S,  will  designate 
the  state  of  nature  s at  time  t. 

The  states  of  nature  s call  for  further  explanation. 

The  possible  states  of  nature  at  each  time  t are  meant  to  reflect 
the  different  possible  actions  by  the  government  or  by  competitors 
that  might  somehow  affect  the  firm  in  question,  as  well  as 
the  different  possible  states  of  commercial  demand  (i.e.  the 
business  cycle),  the  different  possible  acts  of  nature  that 
might  affect  the  firm  (e.g.  a flood  or  a fire  destroying  a 
plant),  and  other  conditions  of  the  firm's  operating  environ- 
ment that  might  have  a nonnegliglble  Impact  on  the  firm. 

It  is  assumed  that  the  alternative  states  of  nature  lie  beyond 
the  firm's  control  (which,  as  discussed  in  section  K of  chapter 
two,  is  a standard  assumption  made  in  employing  the  time-state- 
preference  framework),  although  it  is  assumed  that  the  possible 
states  at  each  time  t are  known  and  that  the  firm  can  attach 
a (possibly  subjective)  probability  to  each. 

In  terms  of  the  representative  airframe  builder's  planning 
process,  the  states  of  nature  s correspond  to  the  different 
scenarios  that  are  identified  in  (or  at  least,  might  be  Identified 
as  a result  of)  the  environmental  forecast.  The  planning 
process  takes  these  alternative  states  of  nature  into  account 
through  the  development  of  contingency  plans,  which  set  out 
the  actions  to  be  taken  by  the  firm  contingent  upon  the 
realization  of  any  particular  state  of  nature  (i.e.  scenario) 
s at  time  t. 


During  the  planning  period  the  firm  will  work  under  many 
different  government  contracts,  some  of  which  It  has  already 


r 

won  and  others  of  which  It  will  bid  on  successfully.  In 
addition,  there  will  be  contracts  on  which  It  will  bid  un- 
successfully. In  what  follows  It  Is  important  to  distinguish 
among  these  contracts  because  each  involves  a specific  output, 

a distinctive  technology,  and  hence  a separate  decision  problem 
12 

for  the  firm.  Since  the  government  contracting  process 

treats  manufacturing  contracts  differently  from  research 

and  development,  test  and  evaluation  contracts,  as  discussed 

in  chapter  six,  it  is  also  important  to  distinguish  between 

13 

these  two  classes  of  contracts.  In  formulating  the  model 
the  subscript  c is  used  to  distinguish  among  contracts. 

The  aerospace  research  and  development  contracts  under  which 
the  firm  is  working  and  on  which  it  intends  to  bid  are  numbered 
c = 1,  ...,  Cj^.  The  aerospace  manufacturing  contracts  under 
which  the  firm  is  working  and  on  which  it  intends  to  bid  are 
numbered  c = + 1 , + €2-  The  non-aerospace  govern- 

ment contracts  under  which  the  firm  is  working  and  on  which 

it  intends  to  bid  are  numbered  c = + Cg  + 1 ^1  ^2  ^ ^3‘ 

In  what  follows  the  set  of  aerospace  research  and  development 
contracts  in  force  at  time  t in  state  s is  denoted  by  ^ g. 
Similarly,  the  sets  of  aerospace  manufacturing  contracts  and 
non-aerospace  government  contr8,cts  in  force  at  time  t in  state 
s are  denoted  by  C,,  . „ and  C„  . respectively,  and  the 
collection  of  all  government  contracts  in  force  at  time  t 
in  state  s is  denoted  by  U{C.  . }. 
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In  this  chapter  it  is  assumed  that  the  market  for  contingent 

14 

output  claims  Is  Incomplete.  It  Is  also  assumed  that  for 
each  period  t,  0 £ t ^ T,  and  for  each  possible  state  of 
nature  s at  each  time  t,  a (possibly  Imperfectly  competitive) 
market  will  exist  for  each  of  the  contractor's  commercial 
goods  and  a perfect  market  will  exist  for  each  of  the  Inputs 
employed  by  the  firm.  Thus,  In  the  model  of  the  representative 
airframe  builder  developed  below,  the  contractor  will  be  able 
to  select  alternative  output  levels  for  each  date  and  state 
(t,  s)  for  each  good  and  will  also  be  able  to  select  alternative 
Input  usage  levels  for  each  date  and  state  for  each  Input 
It  employs.  But  the  Incompleteness  assumption  means  that 
these  are  alternative  output  and  Input  levels  only.  In 
the  model  developed  below  no  trading  In  contingent  claims 
of  any  sort  takes  place.  As  In  the  model  presented  In  section 
E of  chapter  four  It  Is  assumed  that  Inputs  for  date  t and 
state  s are  purchased  and  output  for  date  t and  state  s 
Is  produced  and  sold  at  time  t only  after  state  s has  been 
realized. 

On  the  basis  of  the  discussion  of  the  objectives  of  the 
airframe  builders  In  section  C of  chapter  six,  the  objective 
functional  of  the  model  of  the  firm  Is  assxuned  to  take  the 
form  of  the  maximization  of  discounted  expected  utility, 
where  the  discounting  takes  place  over  the  period  t ■ 0 to 
t > T;  where  the  expectation  is  taken  over  the  states  of 
nature  (at  each  time  t);  and  where  utility  is  expressed 
as  a function  of  several  arguments  that  reflect  the  sources 
of  satisfaction  to  these  firms.  The  first  subsection  formulates 
the  objective  functional. 
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1.  The  Objective  Functional 

As  discussed  In  section  C of  chapter  six,  the 
objectives  of  the  representative  military  airframe  builder 
can  be  grouped  Into  five  classes:  sales,  net  Income, 
weapons  system  effectiveness,  contract  backlogs,  and 
managerial "Emoluments . 

To  take  Into  account  the  Interest  of  these  firms 
In  diversification,  the  following  four  sales  goals  are 
specified  In  the  model:  total  revenue  earned  on  aero- 


space sales  to  the  government,  ®GA’ 
on  sales  of  other  goods  to  the  government,  RqqI 
revenue  earned  on  commercial  aerospace  sales, 
total  revenue  earned  on  sales  of  other  commercial  products. 


total  revenue  earned 
total 
and 


R^q.  In  addition,  there  Is  a net  Income  goal,  tt;  a set 

of  weapons  system  effectiveness/ contract  performance  goals, 
15 


,E; 


a backlogs  goal,  B;  and  a managerial  emoluments 


goal,  M.  The  sales,  net  Income,  and  managerial  emoluments 

goals  are  stated  for  each  time  period  and  each  state 

of  nature,  and  the  weapons  system  effectiveness/contract 

performance  goal  Is  stated  as  a set  of  contract-specific 

goals  for  each  time  period  and  each  state  of  nature. 

Because  contract  backlogs  In  any  one  period  are  directly 

related  to  government  sales  In  future  periods,  the  contract 

backlogs  goal  Is  stated  as  of  the  planning  horizon  t - T 

to  avoid  redundancy.  To  allow  for  the  value  to  the  firm 

of  commercial  sales,  net  Income,  etc.,  beyond  the  planning 

horizon,  the  terminal  capital  stock, K(T),  also  needs  to 

16 

be  allowed  for  In  the  objective  functional. 
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In  the  model  of  the  representative  military  air- 


frame builder  the  objective  functional  is: 


^ t-1  ^s*-^l^^GA,t,s’  ®GO,t,s’  ^CA,t,s,'  *^CO,t,s' 


where  denotes  expectation  with  respect  to  the  states 

of  nature;  where  and  Ug  are  assumed  to  be  concave 

and  twice  differentiable  with  strictly  positive  first 

partial  derivatives;  where  r is  the  exogenously  determined 

17 

rate  of  discount  (which  is  assumed  to  remain  constant);  ' 

A 

where  the  brackets  around  ^ denote  a vector  the  arguments 
of  which  pertain  to  the  respective  contracts  in  force  at 
time  t in  state  s;  and  where  the  arguments  of  the  utility 
functions  are  as  defined  above. 


2.  The  Constraints 

In  the  model  under  development,  the  objective 
of  the  representative  military  airframe  builder  is  to  select 
the  values  of  certain  decision  variables,  which  have 
yet  to  be  specified,  so  as  to  maximize  (1)  subject  to 
certain  constraints,  which  also  need  to  be  specified. 

These  constraints,  which  are  formulated  in  this  subsection, 
define  the  permissible  ranges  of  values  of  the  decision 
variables  and  also  relate  the  decision  variables  to  the 
arguments  of  the  utility  functions  in  (1). 
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One  of  the  firm's  decisions  involves  the  selection 


of  input  levels.  The  productive  resources  of  the  firm  are 

18 

divided  into  the  following  five  classes:  capital  furnished 

C 

by  the  contractor,  which  is  denoted  by  K ; capital  furnished 

19  G 

by  the  government,  which  is  denoted  by  K ; manufacturing 
labor,  which  is  denoted  by  L^;  administrative  labor,  which 

A 

is  denoted  by  L ; and  engineering  and  scientific  labor, 
which  is  denoted  by  L^.  In  the  model  K is  treated  as 
exogenously  determined.  In  particular,  it  is  one  of  the 
government's  procurement  policy  parameters. 

Let  denote  the  available  stock  of  contractor- 
furnished  capital  and  let  a denote  the  available  stock 
of  government-furnished  capital.  Since  the  amount  of 
capital  allocated  to  production  cannot  exceed  capacity, 
the  constraints 


t ,s 


t,s 


(2) 


must  be  satisfied  for  each  state  s and  each  time  t.  It 
is  assumed  that  capital  of  each  type  is  homogeneous;  but 
it  is  not  required  that  contractor-furnished  capital  and 
government-furnished  capital  be  perfectly  substitutable 
for  one  another  in  production  under  each  government  contract. 

It  should  be  noted  that  government-furnished  capital  can 
be  used  only  in  production  under  government  contracts;  it 
is  provided  to  the  contractor  rent-free  and  its  depreciation 
does  not  constitute  a cost  to  the  contractor.  Contractor- 
furnished  capital  can  be  used  in  either  government  or  commercial 
production;  its  use  involves  a cost  to  the  contractor, 


( 


and  both  depreciation  and  imputed  interest  are  allowable 

20 

costs  under  government  contracts.  It  is  assumed  that 
contractor-furnished  capital  depreciates  at  a constant 
percentage  rate,  6,  so  that  the  constraint 


- 't,s  - 


(3) 


must  be  satisfied  for  each  state  s and  each  time  t,  where 
denotes  contractor- furnished  capital  at  time  t in 

u I S 

state  s;  where  s'  is  used  to  denote  the  possible  states 
of  nature  at  time  t - 1 in  order  to  distinguish  them  from 
the  possible  states  of  nature  at  time  t;  where  it  is 
assumed  that  investment  is  made  at  the  beginning  of  the 
period  and  that  depreciation  is  reckoned  on  the  basis 
of  the  current  period's  capital  stock;  and  where  ^ 
denotes  the  contractor's  investment  in  capital  at  time 
t in  state  s. 

The  firm's  choice  of  input  mix  is  determined 

at  least  in  part  by  the  technology  of  production.  Following 

Jones,  the  technological  relationship  between  inputs  and 

outputs  for  production  under  government  contracts  is 

21 

treated  as  contract  specific.  That  is,  there  is  a 
separate  production  function  for  each  contract.  The 
general  production  function  for  each  government  contract 
is  denoted  by 


^C^^c^t,s^’^c®t,s^’^c^  t.s^’^c^  t,s^’ 


(4) 


where 
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[ ] denotes  a vector 

c*l,  •••(  C , C j + 1 , • • • , + Cg » + Cg  ^ 1 > • * • > 

t = 1 , . . . , T 
s = 1 S 

g denotes  output  under  contract  c at  time  t in  state  s 

A 

cEt  s overall  product  effectiveness/contract  performance 

22 

under  contract  c at  time  t in  state  s 
II 

The  quantity  L . _ denotes  the  amount  of  manufacturing 

labor  allocated  to  contract  c at  time  t in  state  of  nature 

s,  and  the  other  input  variables  are  interpreted  analogously. 

It  is  assumed  that  the  production  function  (4)  for  each 

contract  c has  a full  set  of  continuous  second  partial 

derivatives.  There  is  a production  function  of  the  form 

(4)  for  each  government  contract  c c U{C.  ^ According 

to  (4),  the  quantity  of  output  at  each  time  t and  in  each 

state  of  nature  s is  defined  as  an  implicit  function  of 

the  alternative  amounts  of  output  possible  at  different 

times  t and  in  alternative  states  of  nature  s and  also  of 

the  amounts  of  manufacturing  labor,  administrative  labor, 

engineering  and  scientific  labor,  contractor-furnished 

capital,  and  government-furnished  capital  assigned  at 

each  time  t and  in  each  state  s to  meet  the  terms  of  that 

contract.  It  is  assumed  that  is  defined  in  such  a way 

that  Inputs  applied  in  production  in  period  t cannot  be 

transformed  into  period  t - 1 or  earlier  period  outputs 

23 

(i.e.  that  the  use  of  inputs  precedes  output). 
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It  is  assumed  that  the  firm  produces  two  commercial 


I ( 


o 


(5) 


products,  one  aerospace  and  the  other  non-aerospace. 

Thus,  in  addition  to  (4),  there  are  two  other  production 
functions: 

*^R^^R^t,s^ t,s^'^R^^t,s^’^R^  t,s^’^R*^  t,s^^  “ ° 

*^N^^N^t,s^ t,s^’^N^  t,s^’*-N^  t,s^’^N^  t,s^^  “ ° 

where  the  subscript  R denotes  aerospace  production  and  the 

subscript  N denotes  non-aerospace  production  and  where  it 

is  assumed  that  each  of  and  has  a full  set  of  continuous 

second  partial  derivatives.  Note  that  the  difference 

between  (4)  and  (5)  is  that  the  former  include  government- 

24 

furnished  capital  and  the  latter  do  not. 

The  firm's  choice  of  capital  Inputs  must  satisfy 
(2),  which  may  be  reexpressed  as: 

rC  . „C  . „C 


c*^  t,s  - t,s 


(6) 


where  it  is  required  that  both  constraints  be  satisfied  at 
each  time  t and  in  each  state  of  nature  s,  and  where 
each  sum  is  taken  over  all  government  contracts  in  force 
at  time  t in  state  s.  In  addition,  it  was  noted  in  chapter 
six  that  the  airframe  builders  try  to  provide  stable 
employment  for  their  engineers,  scientists,  and  administrative 
labor.  One  method  of  incorporating  this  into  the  model 
is  to  formulate  the  following  constraints: 


1037 


(7) 


i,t,s  \ 

Z L^.  + pL®.  + = L®  I 

U{C,  , } ^ N t.s  J 

where  L^  and  L^  denote  the  exogenouslj  determined  constant 

levels  of  administrative  labor  and  engineering  and  scientific 

labor,  respectively;  where  (7)  is  required  to  hold  at 

each  time  t and  in  each  state  of  nature  s;  and  where  each 

sum  is  taken  over  all  government  contracts  in  force  at 

time  t in  state  s.  The  implications  of  (7)  are  explored 
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below  in  section  E. 

Turning  next  to  the  financial  constraints,  expressions 
must  be  formulated  for  the  various  key  entries,  such  as 
net  income,  that  appear  in  the  firm's  income  statement, 
balance  sheet,  statement  of  retained  earnings,  and  statement 
of  sources  and  uses  of  cash.  The  discussion  begins  with 
the  development  of  expressions  for  revenue  earned  under 
government  contracts. 

The  level  of  sales  earned  under  government  contracts 

is  partly  dependent  on  the  type  of  contract.  Research  and 

development  contracts  are  typically  of  the  cost-plus- 

fixed-fee  (CPFF)  variety,  while  production  contracts  are 

typically  of  the  f ixed-price-inceutive  (FPI)  variety." 

In  each  case  allowable  costs  include  the  opportunity  cost 

of  fixed  capital  used  in  meeting  the  contract,  where  a 

'cost  of  money  rate'  determined  by  the  government  is  used 

27 

in  calculating  this  imputed  cost.  Denote  this  cost  of 

money  rate  by  , which  is  exogenously  determined  in  the 
t , s 

model  below. 


1038 


Under  research  and  development  contracts  total 


revenue  equals  total  allowable  costs  plus  the  fixed  fee 
Total  cost  under  a research  and  development  contract  at 


time  t and  in  state  of  nature  s,  which  is  denoted  by 


and  w«  are  the  exogenously  determined  unit 


where  w. 


costs  of  manufacturing  labor,  administrative  labor,  and 


engineering  and  scientific  labor,  respectively;  where 
q is  the  unit  price  of  capital  goods  at  time  t in  state 

W y S 

r 

s;  and  where  6*q.  • K . represents  depreciation  expense 

X y S C X y S 

(figured  on  a replacement  cost  basis)  charged  to  the  contract 


In  addition,  there  is  a fee  „,  which  the  contractor 

C V y S 

perceives  as  being  set  by  the  government.  In  general,  the 


contractor  cannot  be  assured  of  being  fully  reimbursed  for 
all  its  costs.  Some  portion  will  normally  be  disallowed. 


Therefore,  even  if  the  contractor  is  motivated  to  increase 


revenue,  and  by  implication  total  cost,  as  Williamson  and 
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others  have  argued,  the  contractor’s  policy  choices  are 
restricted  by  the  possibility  that  a portion  of  the  costs 
already  incurred  will  be  disallowed  (because  disallowed 
costs  decrease  net  income).  Let  g denote  the  fraction 
of  costs  that  the  contractor  perceives  as  allowable  on 
contract  c at  time  t and  in  state  of  nature  s.  It  is 


reasonable  to  assume  not  only  that  ^Y-^  s actual 

cost,  but  that  it  should,  at  least  beyond  the  contract's 
target  cost,  C*,  decrease  at  a decreasing  rate  as  a function 


of  total  cost: 


r 


c^t,s^c^t,s>  ^ 


^ { 
dC  ^ 


(9) 


=1,  if  C < C* 

<1,  if  C > C* 

=0,  if  C < C* 

<0,  if  C > C* 

^ - 0,  if  C < c 

dC^  < 0,  if  C > C* 

It  follows,  then,  that  total  revenue  earned  under  a research 

and  development  contract,  is  given  by 

c w I s 


c^t , s c''^t , s 


c t,s  c t,s  ’ 


(10) 


where  ^ is  given  by  (8)  and  „ satisfies  (9), 

and  the  fee  net  of  disallowed  costs,  is  given  by 

C V I s 


c\,s  - c't.s  - - cft,s‘c'=t,s)^c<^t,s  ’ <“> 

where  the  expression  in  brackets  represents  that  portion  of 

total  actual  costs  that  are  disallowed. 

Turning  next  to  production  contracts,  two  cases 

must  be  distinguished:  initial  production  contracts,  for 
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which  bidding  takes  place,  and  follow-on  production 
contracts,  for  which  bidding  does  not  take  place.  In  the 
case  of  Initial  production  contracts,  the  contractor  makes 
a bid  , where  the  subscript  t is  included  for  consistency 

with  the  notation  adopted  earlier  in  this  section.  Recall 
that  states  of  nature  were  assumed  to  be  defined  in  such  a 
way  that  the  potential  actions  of  competitors  (e.g.  other 
firms  bidding  on  the  same  contract)  were  taken  into  account. 
Assuming  that  a firm  never  bids  on  a contract  that  it  does 
not  wish  to  win,  the  bid  _ in  state  of  nature  s is 

C X I 8 
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defined  to  be  the  maximum  bid  that  will  ensure  the  firm 

of  winning  the  contract  -in  itatt  oi  nature.  4,  i.e.  given 

the  state  of  the  environment,  bids  by  competitors,  etc., 

that  characterize  state  s.  For  subsequent  production 

contracts  there  is  again  a target  cost  „C*.  that  is 

C X I s 

dependent  on  the  state  of  nature.  But  these  target  costs 
are  determined  through  negotiation  between  the  contractor 
and  the  government,  rather  than  through  competitive  bidding. 
Hence,  even  though  the  same  symbol  -C*.  is  used  (for 

w X y s 

notational  convenience),  the  underlying  meaning  is  different 

according  to  whether  it  pertains  to  the  first  production 

contract  or  to  a follow-on  production  contract. 

All  production  contracts  are  assumed  to  be  of  the 

FPI  type.  The  contract  stipulates  a target  cost  ^ 

and  a target  fee  expressed  as  a proportion  ^ of  the 

target  cost.  Thus,  the  target  fee  is  ^ s*c^*t,s' 

The  contract  also  specifies  a sharing  ratio,  ^6^  g,  which 

32 

gives  the  firm's  share  of  overruns  and  underruns. 

Following  Scherer,  absolute  floors  and  ceilings  on  the 
maximum  amounts  of  overruns  and  underruns  for  which  the 

33 

government  is  prepared  to  share  responsibility  are  ignored, 

although  an  implicit  celling  is  built  into  the  proportion 

34 

of  allowable  costs  function  s*  production 

contract,  the,  const ants  g and  ^0^  g are  treated  as 

exogenously  determined,  and  the  function  s^c^t  s^ 
is  again  assumed  exogenously  determined  and  to  satisfy  (9). 
With  actual  costs,  X.  given  by  (8),  total  revenue 
earned  on  a production  contract  is  given  by 
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(12) 


C^t,S  * C^t ,S^C^t * c^t,s  ^ c®t,s  * c^*t,s 

c^t,s^c^*t,s  “ c'*'t,r^c^t,s^  * c^t.s^  ’ 

the  fee  net  of  disallowed  costs,  tt.  , is  given  by 

C V f s 

TT,  = a.  • C*. 

ct,s  ct,s  c t,s 

^ C®t,3^C^*t,S  ” C^t,S^C^t,S^  ’ C^t,S^ 

~ ~ c^t , s^ c^t , s ^ ^ * c^t , s 


where  it  follows  from  (9)  that  =1  when  C.  < C*. 

in  both  (12)  and  (13).  According  to  (12),  total  revenue 

is  equal  to  costs  paid  by  the  government,  y(C)*C,  plus 

the  fee  received  from  the  government,  aC*  + 6[C  - y(C)*C''j, 

where  the  first  term  is  the  target  fee  and  the  second  term 

is  the  incentive  adjustment.  But  the  actual  fee,  or 

contribution  to  the  firm's  operating  income,  is,  according 

to  (13),  equal  to  the  fee  received  from  the  government  less 
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the  amount  of  disallowed  costs,  [1  - y(C)]  * 

If  it  is  assumed  that  all  non-aerospace  government 
contracts  are  of  the  FPI  type,  then  (12)  and  (13)  give 
the  revenue  and  net  fee,  respectively,  earned  on  those 
contracts.  In  addition,  there  are  two  commercial  products, 
one  aerospace  and  the  other  non-aerospace.  Assume  that 
for  each  quantity  demanded  at  time  t and  in  state  s is 
a function  of  the  product's  price  for  that  date  and  state. 
Assuming  that  each  demand  function  is  invertible  (for 
each  date  and  state),  then  the  time-state-dependent  revenue 


levels  for  these  products  satisfy 
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**CA,t,s^R^t,s^ 


R^t,s  * R^t.s^R^^t.s^ 


(14) 


^CO.t.s^N^t.s^  “ N^t.s  * N^t.s^N^t.s^  ’ J 

where  and  „Q.  are  the  same  as  in  the  production 

functions  (5)  and  where  it  is  assumed  that  the  demand 
functions  pp  and  „p.  are  such  that  both  R„.  . and 
Rco  ^ g are  strictly  concave  functions  of  ^ and  g, 
respectively.  The  expressions  (14)  for  R^,^  ^ ^ and  R^q  ^ ^ 
express  two  of  the  arguments  of  the  objective  functional  (1) 
in  terms  of  the  decision  variables  ^ and  g.  The 
other  two  revenue  arguments  of  the  objective  functional 
can  be  expressed  in  terms  of  (10)  and  (12)  as 


^GA.t.s  ■ p ^ 
t 

O.  , I,  , 


^ ^c^t,s^c^t,s^*c^t,s  c^t,s^ 


^ ^ ^c^t,s^c^t,s^*c^t ,s  ^ c*^t,s  c^*t,s  (15) 

^2.t,s 

^ c^t,s^c^*t,s  “ c^t,s^c^t,s^*c^t,s^^ 


and 


*^GO,t,s  * p ^ ^c^t,s^c^t,s^*c^t,s  * c°‘t,s’c^*t,s 

^3.t,s 

■*■  c®t,S^C^*t,S  “ c^t  ,s^c*"t  ,s^*c^t  ’ 


(16) 


where  the  sums  in  (15)  and  (16)  are  taken  over  those  contracts 
of  each  type  that  are  in  force  at  time  t in  state  s. 

Turning  next  to  the  firm's  financial  statements, 
a balance  sheet  for  the  representative  airframe  builder  is 
shown  in  table  VII-1.  Cash  on  hand,  g,  is  assumed 
to  equal  some  minimum  level,  g,  needed  to  fund  transactions, 
plus  some  additional  amount  (possibly  zero),  g,  held 
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1 


Hflt 
*■> 
?•>'  ■ 


Table  VII-1  Representative  Airframe 
Builder's  Balance  Sheet 


Assets 

Cash 

^t  ,s 

Inventories 

Fixed 

Assets 

*^t  ,s*  *^t  ,s 

Total 

Assets 

^t , s^'^t , s 

Liabilities 


Debt 

Equity 


B 


t,s 


't,s 


■K. 


Total  Liabilities 
and  Stockholders'  B +E^ 
Equity  -t.iS 


as  precautionary  balances.  It  is  further  assumed  that  the 
transactions  demand  for  cash  can  be  expressed  as  a function 
of  the  different  output  levels,  so  that 

^t,s  “ ^t.s^^c^t.s^’  R^^t.s’  N‘^t,s^  ^t,s  ' 

where  [ 3 denotes  the  vector  of  outputs  under  government 

contracts  and  where  ~ = 0 for  those  contracts  c not 
in  force  at  time  t in  state  s.  It  is  assumed  that 

where  c “ 1,  C^+Cg+Cg,  and  where  k » R,  N,  so  that  trans- 

actions balance  requirements  rise  monotonically  with  output  levels. 
It  is  also  assumed  that  the  minimum-cost  value  of  inventories 
held  at  time  t in  state  s is  some  function  of  the  output 
levels  at  time  t in  state  s, 

''t.s  - ''t,s<Ccet,sJ-  NOt.a)  • 

It  is  assumed  that 
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J 


o 


where  c » 1,  ....  Cj^+Cg+Cg  and  where  k - R,  N,  so  that 
required  inventories  (or  working  capital)  increase 
monotonically  with  output  levels. 

Finally  for  the  assets  side  of  the  balance  sheet, 

— C 

fixed  assets  are  contractor-owned  fixed  assets,  K . _ 

t , s 

in  (3)  and  (6),  so  that 


(21) 


As  assumed  throughout  this  thesis,  fixed  assets  are  listed 
in  the  firm's  balance  sheet  on  a replacement  cost  basis. 

The  physical  stock  of  fixed  capital,  _,  is  thus  valued 
at  the  current  unit  cost  of  fixed  capital,  q,.  _.  The 
fixed  assets  entry  in  table  VII-1  represents  the  replacement 
cost  of  contractor-owned  productive  capacity  only,  but 
as  Indicated  below,  is  affected  by  the  availability  of 
government-furnished  capital. 

Turning  to  the  liabilities  side  of  the  balance 
sheet  in  table  VII-1,  the  quantity  of  debt  outstanding 
at  time  t in  state  s is  denoted  by  Associated  with 

V y O 

37 

debt  is  an  average  interest  cost  i^  _•  so  that  total 

interest  expense  per  period  is  given  by  the  product 

i *6.  New  debt  Issues  or  redemptions  are  denoted 
w I S X I s 

by  Y,.  , which  satisfies  the  identity 

V , 8 


^t,S  “ ®t,8  “ ®t-l,S'  “ ^®t,S 


(22) 


where  s'  is  used  to  denote  the  possible  states  of  nature 
at  time  t - 1 in  order  to  distinguish  them  from  the  possible 

states  of  nature  at  time  t.  Assuming  all  new  debt  issues 

o 

or  redemptions  to  be  handled  simultaneously,  s ^ ^ 
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in  (22)  implies  net  issues  and  AB.  < 0 in  (22)  implies 

I 8 

net  redemptions.  It  is  further  assumed,  as  in  chapter  four, 
that  the  average  rate  of  interest  on  debt  is  a function 
of  both  the  amount  of  debt  and  the  change  in  the  amount  of 


debt , 


where 


S,s<«t.s'  ^.s>  ' 


> 0 . 


(23) 


(24) 


The  amount  of  equity  at  time  t in  state  s is 
denoted  by  E.  , which  is  the  sum  of  contributed  capital 

V 9 8 

, and  retained  earnings,  . It  is  assumed  that 

the  firm  sets  its  dividend  policy  at  the  beginning  of  the 
planning  period,  thereby  establishing  a dividend  per  period 
per  share  that  remains  fixed  throughout  the  planning  period. 
Let  d denote  this  dividend  per  period  per  share  and  let  n^  ^ 
denote  the  number  of  equity  shares  outstanding  at  time  t 
in  state  s.  Then  total  dividends  paid  at  time  t in  state 


s are  given  by  the  identity 


t ,s  ■ 


New  equity  issues  or  redemptions  at  time  t in  state  s are 

denoted  by  , which  satisfies  the  identity 
b I s 

^,S  * "t.3  - = ''“t.S  • 

Note  that  (25)  and  (26)  require  that  shares  be  issued 
or  redeemed  at  the  beginning  of  the  period,  so  that  new 
shareholders  are  entitled  to  receive  dividends  in  the 
period  in  which  they  purchase  their  shares.  If  the 
issue  prlce/redemptlon  price  per  share  at  time  t in  state 
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( 


( 


s Is  denoted  by  then  It  follows  from  (26)  that  the 

U I S 

book  value  of  contributed  capital  at  time  t In  state  s 
is  given  by  the  identity 


K®t,s  “ K®t-l,s’  ^t,s  * '^t.s  • 


(27) 


Denoting  retained  earnings  at  time  t in  state  s by  e.  , 

V y 8 

the  accumulated  stock  of  retained  earnings  at  time  t in 
state  s satisfies  the  identity 


R®t,s  “ R®t-l,s'  ®t,s 


(28) 


and,  combining  (27)  and  (28),  equity  at  time  t in  state  s 
satisfies  the  identity 


®t,s  “ K®t,s  * R®t,s 

“ K®t-l,s'  ^t,s 


'^t,s  R^t-l,s'  ®t,s 


- . + Z.  • V*  + e,. 

t-l,s'  t,s  t,s  t,s  ’ 


(29) 


where  Z.  is  a decision  variable  and  e^  „ is  determined 
t , s t , s 

by  the  firm's  choice  of  operating  and  financial  policies, 
as  described  below. 

The  Importance  of  the  balance  sheet  identity  between 
assets  and  liabilities  is  summarized  in  the  following  constraint, 
which  must  hold  at  each  state  and  date: 


^t,s^^c^t,s^'  R^t,s'  N^t,s^  * ^t,s  ‘*t,s  ^ t,i 
^t,s^^c^t,s^’  R^t,s’  N^t,s^  “ ®t,s  ®t,s 


(30) 


Turning  next  to  the  representative  airframe  builder's 
income  statement  and  statement  of  retained  earnings,  which 
are  Illustrated  in  table  VI 1-2,  an  expression  for  net  Income 
for  the  period  and  state  of  nature,  n _,  and  an  expression 

I.  , B 


D 
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Table  VII-2  Representative  Airframe  Builder's 
Income  Statement  and  Statement  of 
Retained  Earnings 

Income  Statement 


Sales  revenue: 

Government  sales  revenue 

Commercial  sales  revenue 

Total  Sales  Revenue  R, 


**GA,t,s‘^®GO,t,s 

^CA.t.s'*'^CO.t.s 


GA , t , s'^^GO , t , s'^^^CA , t , s'^^^CO . t , s 


Expenses : 
Labor 


w„L^.  +w*L^.  o 

H t,s  A t,s  E t,s 


Emoluments  M 


t , s 


Depreciation  t s 

Interest  c 

L > S L , o 


Total  Expenses 


M 


WyL“^  _+w.L  ^ _+w„L 

+q* 


.+M. 


t,s  "A“  t,s'"E“  t,s  “t.s 

trC 

_>  • 

t,S 


t,s^^t,s  ®t,s 


- M. 


Pretax  Income  { } =lRj^  t s ” t,s  “t,s 


Income  tax 


- ‘lt,s*'^*^t,s  ■ H.s*®t,s 
T(  } 


Net  Income  \ >^^”i  .t  ,s  ’ j"j^^t,s  " “t.s 


.•  6 * 


^t.s*^*^  t.s  ~ ^t.s'^t.s^ 


Statement  of  Retained  Earnings 
eglnnlng  balance,  retained  earnings 
dd  net  income  for  the  year 
Total 

ess  total  dividends  paid  during  the  year 
nding  balance,  retained  earnings  ^ - R®t-l,a''^’'t  ,s"  ‘*'"t.i 


R t-l,s' 

"t.s 
, + 
d*n 


R^t-l,s''’’^t  ,s 


t , s 


man 


for  retained  earnings  for  the  period  and  state  of  nature, 
. must  be  calculated.  In  the  income  statement  in 

V I S 

table  VII-2  the  quantities  L**.  and  L®  are 

defined  as: 


i"  = Z 

u{C  } 


l“  + l“  + l“ 
t,s  t.s  t,s 


.A  , j A . j A 
c^  t.s  t,s  t,s 


(31) 


I E „ r T ® 4. 

^ U{C  } ^ ® ^ V 

i , t , s 

Also  in  that  income  statement,  the  sum  ZR.  taken  over 

. 1 , 1 , s 

•I 

i * GA,  GO,  CA,  CO,  and  the  sum  „ is  taken  over 

j ^ 

j = M,  A,  E.  It  follows  from  the  Income  statement  that  net 
income  at  time  t in  state  of  nature  s,  which  is  one  of  the 
arguments  of  the  objective  functional  (1),  is  given  by 

’^t,s  “ ^^■'^^^**GA,t,s  * ®GO,t,s  *^CA,t,s 
®CO,t,s  ■ '*'M^**t,s  " '^A^^.s 

(32) 

- ''E*-^.s  - “t,s  - 
" ^t,s  * ®t,s^ 


Note  that  ti  as  defined  by  (32)  incorporates  fees  earned 
t , s 

on  government  contracts,  as  expressed  by  (11)  and  (13).  From 
the  statement  of  retained  earnings  in  table  VII-2  it  follows 
that  the  net  addition  to  retained  earnings  in  period  t 
and  state  of  nature  s satisfies  the  Identity: 


®t,8  “ ’'t,s  " **'”t,s 


(33) 
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Turning  next  to  the  representative  airframe  builder's 


statement  of  sources  and  uses  of  cash,  which  is  illustrated 


in  table  VII-3,  the  various  factors  that  contribute  to 


and  draw  on  the  stock  of  cash  are  listed  in  order  to 


determine  the  net  change  in  the  firm's  stock  of  cash  during 


period  t and  state  s.  For  convenience,  table  VII-3  was 
prepared  under  the  assumptions  that  there  were  no  redemptions 
of  debt  or  of  equity  shares  and  that  inventories  were 
increased.  It  is  easily  checked  that  the  accounting  identity 
expressing  the  net  change  in  the  firm's  stock  of  cash  holds 
when  there  are  net  redemptions  of  either  or  both  types  of 
securities  and  when  inventories  are  decreased.  It  should 


be  noted  that  in  constructing  table  VII-3  it  has  been 


assumed  that  each  weapons  system  contract  can  be  treated 
as  a sequence  of  contracts,  one  per  period,  under  which  the 
contractor  receives  full  payment  for  costs  and  for  a portion 
of  the  overall  contract  fee  as  compensation  for  work 
completed  that  period.  That  is,  in  this  version  of  the 
model  it  is  assumed  that  the  flow  of  cash  from  the  government 


to  the  contractor  matches  perfectly  the  recognition  of 
revenue  and  profit  by  the  contractor.  The  impact  of 
progress  payments,  which  actually  cover  only  a portion 
of  the  costs  Incurred  during  the  period  and  the  impact  of 
not  paying  the  fee  until  the  entire  contract  has  been 

completed  are  considered  below  in  section  D.  Under  the 

a 

assumptions  of  this  section,  the  change  in  the  firm's 
stock  of  cash  at  time  t in  state  of  nature  s satisfies 


the  Identity 
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( 1-T ) { Rqa  t , s'^®GO , t , s‘^**CA , t , s"^**CO , t , 8 


"‘*t,s*^t,s"^t,s'^'^t-l,s'  • j 


(34) 


There  remains  one  argument  of  the  objective  functional 
(1)  that  requires  further  explanation.  Total  contract 

A 

backlogs  at  time  T and  in  state  s,  B„  , are  dependent 

1 , s 

on  the  government's  willingness  to  continue  purchasing 
the  items  currently  produced  - i.e.  to  not  terminate  the 
contracts.  The  government's  attitude  is  embodied  in  the 
states  of  nature  s.  Given  the  government's  willingness 
to  continue  the  contract,  it  is  assumed  that  the  total 
backlog  under  the  contract  is  responsive  to  both  the  unit 
cost  and  the  effectiveness  of  the  item.  Assuming  that 
backlogs  occur  only  under  aerospace  manufacturing  and 
non-aerospace  contracts,  total  contract  backlogs  (measured 
in  dollars)  at  time  T and  in  state  s can  be  expressed  as 


;®T, 8^0*4*, s^c^, s'  c%,s^  ’ 


(35) 


where  the  sum  is  taken  over  all  aerospace  manufacturing 
and  non-aerospace  contracts  in  force  at  time  T;  where 

A 

represents  total  backlogs  (measured  in  physical  units) 

C 1 I s 

under  contract  c in  state  s and  where  ^B,j,  g = 0 for  those 
states  s that  correspond  to  contract  termination;  where 
R_  / Qm  represents  unit  cost  to  the  government  (i.e. 

C *i'  1 8 C 1^8 

revenue  per  unit  to  the  contractor);  where  for  convenience 
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0 


it  has  been  assumed  that  the  dollar  value  of  the  physical 
contract  backlog  is  computed  by  multiplying  the  physical 
backlog  times  the  terminal  period  (and  state  s)  unit  cost; 
and  where  it  is  assumed  that 

3B/3(R/Q)  < 0 and  3B/3E  > 0 . (36; 

According  to  (36),  backlogs  are  directly  related  to 
effectiveness  and  inversely  related  to  unit  cost.  The 
function  „B-,  _ might  be  interpreted  as  a bivariate  quai^- 

C X I s 

38 

demand  function.  Since  ^Q,j,  ^ is  set  by  the  government, 
each  term  in  the  sum  in  (35)  expresses  the  backlog  (both 
in  physical  terms  and  in  dollar  terms)  as  a function  of 

c*4’,s  c®T,s' 

3.  The  Completed  Model 

Collecting  (1),  (3)-(6),  (8),  (14)-(16),  (22), 

(23),  (26),  (29),  and  (30)-(35),  the  planning  model  of 
the  representative  military  airframe  builder  is  formulated 
as  the  following  stochastic  optimal  control  problem: 


maximlze{  Z E„[U-(R 


s 1 GA , t , s ’ GO  ,t,s’"CA,t,s’  "CO , t , s ’ 


(37.) 


subject  to  R 


(37b) 


GA,t,s  * p ^ ^c^t,s^c^t,s^*  c^t,s''‘c’^t,s^ 

^ hVC* 


'2,t,s 


c't,s'c  t,s'  c t,s  c t,s  c t,s 


*c®t , s^c^*t , s~c^t ,s^c^t ,s^  *c^t , s ^ ^ 
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(37c)  *^GO,t,s  “ p ^ ^c^t,s^c^t,s^'c^t,s^c“t,s*c^*t,i 

^r%  ^ ^ 


(37d) 


(37e) 


(37f  ) 


(37g) 


(37h) 


(371) 


(37j) 


(37k) 


^3,t,s 

irC 

,s*c^  t ,s 

^CA,t,s^R^t,s^  “ R^t,s*RPt,s^R^t,s> 
^^CO.t.s^N^^t.s^  “ N^t,s‘NPt,s^N^t,s^ 

1 , t , s 

X , L > o 

i,t,s 

■“t,8"‘^t,s‘'^'^  t,s"^t,S^®t,S’^t,S^‘®t,S^ 

Bt.s  * p (c%.s/cQt.s> 

C2,T,sUCq  n,  ^ 

u f i ,S 

c^T.s^c^.s^c^^.s'c^T.s^ 

^t,8  “ (m>^t-1.8**^T^^^.S 

*^C^^C^t,S^’^C^t,S^’^C^  t,8^’ 

^R  ^ R^ t , 8 ^ R^** t , 8 ^ ^ R^\  , s ^ R^\ , 8 ^ ' 


^R*^  t.8^>  “ 0 
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(371) 

(37m) 

(37n) 

U{C.  . 

X ,x  ,s 

(37o) 

®t,s  * ®t-l,s''*^''t,s 

(37p) 

, s ^'t-l , s ' , s 

(37q) 

®t,s  “ ^t-l.s'''^t.s*''t,s''^,s-‘^*”t 

(37r) 

, s ^ ^ c^t , s ^ ’ R^t , s ’ N^t , s ^ , ! 

(37s)  ^t,s  “ ^t-l,s''’^^^“^^^^GA,t,s^®GO,t,s^^CA,t,s''’^CO,t,i 

■'*'a^U{c  ^ t.s'^R^  t.s'^N^  t.s} 

1 , t , s 

-w„{  Z L^.  „+pL^.  o+nL^^  J 

® U{C.  ^ ^ ^'®  ” ^’® 

1 » t I s 


ttC 


■"t,s-n,s<Bt,s’’'t,s)-Bt,s>^-''t,s-«-’^t, 


*’'t , s*^t , s • ’t , s-"*' "t , S-Ot , s’ ‘ t , s-''t , S^Vl  . S • 


.M  i“  tA  tA  tA 

t.s’R  t,s’N^  t.s’c^  t.s’R^  t.s'N^  t.s* 

T E , E T E j,C  j,C  jrC 
t,s'R  t.s’N  t.s’c*  t.s’R*"  t.s’N^  t,s’ 

, s ’ R^t , s ’ , s ' c^t , s ' “t , s ’ , s ’ , s ’ 
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where 


denotes  a vector 

c - 1 C^,  Cj  + 1 + C2*  + Cg  + 1,....  q + Cg  + 

t = 1,....  T 
s = 1 S 

and  where  the  boundary  conditions  on  the  first  order  difference 
equations  are  analogous  to  those  in  chapter  four  and  so  are 
left  unstated. 

The  decision  variables  and  the  exogenously  determined  variables 
in  the  model  (37)  are  listed  in  table  VII-4. 

Table  VII-4  Decision  Variables  and  Exogenous 


Variables 

in  the  Airframe 

Builder  : 

Decision  Variables: 

(i) 

labor  inputs  „ , 

C U j S 

.M  .M 

R t,s  ’ N t.s 

’ c^  t,s 

N t,s  ’ 

c t,s  ’ R^  t,s 

’ t,s 

(ii) 

c 

capital  usage  _K  ^ , 

R'^  t,s  ’ t.s 

' C*^  t , : 

(iii) 

commercial  outputs 

,s  ’ N^^t.s 

(iv)  effectiveness/performance 

C 1/  ^ s 

(v)  gross  investment  I. 

w y S 

(vi)  managerial  emoluments  ^ 

(vii)  new  issues/redemptions  s ’ ^t  s 

(viil)  precautionary  cash  balances  ^ 

Exogenously  Determined  Variables/Parameters: 

(i)  fee  on  R & D contracts  ^ 

(ii)  target  cost  on  production  contracts  ^ 

(iii)  production  contract  parameters  g , c®t,s 

(iv)  allowable  cost  function  ^ 
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Table  VII-4  (contd) 


r 


(v)  government  contract  output  levels  Q. 

C X I s 

(vi)  government  procurement  policy  parameters  1^  ^ , a ^ 

(vii)  wage  rates 

(viii)  rate  of  depreciation  6 

(ix)  unit  prices  of  capital  goods  and  equity  q^  o 

X I S X y 6 

(x)  discount  rate  and  tax  rate  r , t 

(xi)  firm's  dividend  policy  d 


In  this  section  the  planning  model  of  the  representative 
military  airframe  builder  was  formulated  as  a stochastic 
optimal  control  problem.  The  model  (37)  developed  in  this 
section  is  an  extension  of  the  basic  theoretical  model 
developed  and  analyzed  in  chapters  three  through  five, 
modified  in  accordance  with  the  discussion  of  the  internal 
planning  processes  of  the  major  military  airframe  builders 
presented  in  chapter  six.  In  formulating  the  model  (37) 
uncertainty  was  taken  into  account  by  adopting  the  time- 
state-preference  framework.  In  addition,  government  procure- 
ment policy  was  taken  into  account  by  developing  contract- 
specific  revenue  functions  that  incorporate  procurement 
policy  parameters.  The  remainder  of  this  chapter  is  concerned 
with  several  procurement  policy  issues.  In  particular,  the 
impact  of  progress  payments  will  be  evaluated  in  section  D 
by  comparing  the  policy  implications  of  the  model  (37) 
developed  in  this  section  with  the  policy  implications  of 
the  model  developed  in  section  D,  which  incorporates  progress 
payments . 
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C.  THE  REPRESENTATIVE  AIRFRAME  BUILDER'S  OPTIMAL  OPERATING 

AND  FINANCIAL  POLICIES 

1.  Introduction 

The  purpose  of  this  section  is  to  characterize 
the  representative  airframe  builder's  optimal  operating  and 
financial  policies,  as  implied  by  the  model  of  a representative 
airframe  builder  formulated  in  the  previous  section.  Sub- 
section 2 characterizes  the  optimal  operating  policies  - 
those  concerned  with  input  mix,  output  mix,  and  investment 
decisions  - and  subsection  3 characterizes  the  optimal 
financial  policies  - those  concerned  with  cash  management 
and  leverage  policy  decisions. 

Before  characterizing  the  solution  to  (37),  some 
comments  should  be  made  concerning  the  methodology  to  be 
employed.  The  military  airframe  builder  model  (37)  was 
formulated  as  a stochastic  optimal  control  problem,  with 
uncertainty  modeled  using  the  time-state-preference  frame- 
work and  with  time  modeled  using  discrete  time  periods. 

The  advantage  of  employing  the  time-state-preference  frame- 
work is,  as  noted  in  chapter  four,  that  the  optimization 
along  any  time-state  chain  is  formally  equivalent  to 
optimization  under  certainty.  By  applying  the  time-state- 
preference  framework,  optimization  techniques  appropriate 
to  decision-making  under  certainty  may  be  applied  to  each 
of  these  time-state  chains,  with  uncertainty  taken  into 
account  by  weighting  the  policy  decisions  appropriate  to 
each  chain  by  the  probability  of  occurrence  of  the  sequence 
of  states  that  distinguish  the  chain.  Therefore,  the 
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optimal  policies  Implied  by  (37)  can  be  characterized  by 
proceeding  In  a manner  that  parallels  the  development  of 
the  discrete  time  version  (since  time  is  measured  in  discrete 
units  in  (37))  of  Pontryagin's  maximum  principle. 

Proceeding  to  the  characterization  of  the  optimal 
solution  to  (37),  define  the  following  generalized  Lagranglan: 

“ J-  **’t,s  ^l^**GA,t,s^c^  t,s’c^  t.s'c^  t.s’c*^  t,s^’ 

t * A S*  A 

®GO,t,s^c^  t,s’c^  t,s’c^  t.s’c*^  t,s^’**CA,t,s^R^t,s^’ 

®CO,t,s^N^t,s^’’^t,s^c^  t,s’c^  t,s’c^  t,s'R^  t.s' 

• A .£  »M  .A  » E j,C  Q 

R^  t,s’R^  t,s’N^  t.s'N^  t.s'N^  t.s’c"'  t,s’R^t,s' 

N^t,s’**t,s’*^  t,s’®t,s'^t  ,s^  ’^c®t,s^  ’“t,s^^l+r^ 

^ ^ s^2^^  T s ’ s ^c^  T , s ’ c^  T s’c^  T,s’c^  T,s’ 


(38) 


c%  ^ ^ ^ ^1  t s s’^^t  s"^TTI^ 

c T,s  l+r  g,j_  i.t.s.s  z,s  1+0 


T S S 


^t-l,s'"^I^T^^t.s^  * ^2,c^^c^l^c‘^t,s^'*^c®t.s^* 

CcL“t,s]jtcL\.s]'CcL\.s^;Cc‘^^.s]'CcK°t.s])> 

+X3{FR([RQt  g] ; CrL  ^ g];CjjL  t,s^’^R^  t,s^’^R*^  t,s^^^ 

t.s^'^N^  t.s^'^N^  t,s^’*-N*^ 


T S „ Q Q C -1 

* I 2 A-  . „[ir.  Z r-rK  t r-m*^  t 8^ 

g«j^  5,t,8  t,8  jC  t,s  R t,s  N t,s 

1 , t , s 
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a 


T S 
* I EX 
t“l  s«l 


r — T.  1 

e.t.s'-*'  t,8  ^ JC*"  t.sJ 


T S S 

+ E E EX 

t“l  s*l  s'*l 

T S S 


7 , t ,S , 8 ’ , s”®t-l , s ' ^t,s^ 


V*A  S 

T S S 

* ,^i^9,t,s,s'^®t,s“^t-l,8'"^t,s*'^t,s 

t*l  8*1  s’«l  » » » » 

_ /T^  I® 

“ t,8^C^  t.S'C^  t.S'C^  t.S’R^  t,S'R^  t,8’R^  t,s’ 

N^**t,s’N^  t,s’N^  t,s’c*^  t.s’R^t.s’N^^t.s'^^t.s’ 

T S 

, s"^t  , S ^ C^t  , 8 ^ ' R^t  , S ’ N^t  , 8 ^ , s~‘*t , ^ ' ® 

T S S 

R*^t , s ’ , 8 , s“^t-l , 8 ' ^ R^t-1 , 8 ’ ' N^t-1 , s ' ^ 

^ |A  .E  *M  .A 

■^t-l,8'"’'t,8^C  t,8'C  t,S’C^  t,8’R^  t,8’R^  t.8’ 

R^  t,8’N^  t,8’N^  t,8’N^  t,8’c'^  t,8'R^t,S’N^t,8, 

**t  ,S’^t  ,s’®t  ,8’^t  ,8*  ,8“^t  ,8”^t  ,8*'^!  , 


8 


T S 


+d*n^  •^Q*  • I*  +V.  -V.  1 ^ ^ ^19  «■  s ' 

t,8  , 8 t,8  t,8  t-1,8  8“1 

where  (37b)  and  (37d)  were  need  to  define  ^,8  ‘ 

function  of  ^h\  and  where 

"oO.t.B-  '‘cA.t.e-  “co.t.e-  ’t,e-  't.a’  “<*  ''t.s 

defined  as  functions  of  the  decision  variables  and  the  state 


J 


0 
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variables;  and  where  the  X's  denote  Lagrange  multipliers. 

Due  to  the  large  number  of  equality  constraints  in  (37), 

only  the  signs  ^5  t s’  ^6  t s'  ^12  t s discerned 

on  the  basis  of  Kuhn-Tucker  theory.  At  optimality, 

Ac  * „ > 0,  A-  . „ > 0,  and  A-„  ^ > 0 for  all  s and  t. 

For  the  convenience  of  the  reader,  a complete  list  of 

the  symbols  used  in  this  chapter  is  provided  in  the  appendix 

that  immediately  follows  the  footnotes  to  this  chapter. 


2.  Optimal  Operating  Policies 

The  necessary  conditions  for  an  optimal  solution 
to  (37)  are  obtained  by  differentiating  (38)  and  by  setting 
out  the  appropriate  Kuhn-Tucker  conditions.  In  this  sub- 
section these  necessary  conditions  are  used  to  examine  the 
following  six  operating  policies:  (i)  allocation  of  labor 
Inputs,  (ii)  determination  of  optimal  size  of  stock  of 
contractor-furnished  capital,  (lii)  allocation  of  capital 
inputs,  (iv)  determination  of  commercial  outputs,  (v)  determination 
of  effectiveness/performance  levels  under  government  contracts, 
and  (vi)  payment  of  managerial  emoluments. 

For  any  aerospace  contract  c at  time  t,  0 < t < T, 
and  in  state  of  nature  s and  for  any  of  the  three  types 
of  labor  J ■ II,  A,  E,  the  following  necessary  condition  must 
be  satisfied: 


3U,  3Rp.  . „ aU-  3it.  ^ . . 3F 

/ 1 . GA , t , s . 1 . t,S  W X \t^.  C_ 

t,8^3R-.  ^ _ a tJ  aift  » a ^2,Cg 

GA.t,s  3^L  ^ g ^•s^c^t,s  ^c^t. 


S 

- E A 


E A, 


3it 


(39) 


g..l  9,t,s,s’  S..1  ll.t,s,8’  3 L 


IlS. 


C t,8 


c t ,s 
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(40) 


or  (♦. 


'®  SRpA  t rJ  ^^t,s  3it. 

GA.t.s  3^L  ^ g t,s 

S _ ^ air^  g ^ aF 

~s’»1^^9’t*s.s’'^^ll,t,s,s'  ^^3  lJ  * * ^2,c  3 


c 

c"  t.s 


The  terms  g and  g are  both 

probability-adjusted  and  time-weighted  marginal  utilities, 
reflecting  the  stochastic  multiperiod  nature  of  the  optimization. 
It  is  easily  verified  that  (39)  and  (40)  also  must  hold 
for  non-aerospace  government  contracts,  i.e.  when  GO  is 
substituted  for  GA. 

Before  utilizing  (40)  to  determine  labor  input 

allocation  rules,  two  points  should  be  noted.  First,  the 
S 

sum  ^ *■  f in  (40)  reflects  the  impact  an  increase 

s'»i 

in  labor  usage  will  have  on  the  firm's  stockholders'  equity 

at  time  t in  state  s,  depending  on  what  stockholders'  equity 

was  in  state  s'  at  time  t - 1,  and  similarly,  the  sum 
S 

E X,,  ^ , in  (40)  reflects  the  Impact  an  increase  in 

gi.j  ll.t,s,s' 

labor  usage  will  have  on  cash  flow  at  time  t in  state  s, 
depending  on  what  cash  flow  was  in  state  s'  at  time  t - 1. 

The  allocation  of  labor  at  time  t thus  depends  partly  on 
interperiod  considerations,  and  the  impact  of  increased 
labor  usage  on  expected  utility  is  adjusted  to  take  into 
account  its  impact  on  stockholders'  equity  and  cash  flow. 

The  first  term  in  (39)  is  the  partial  derivative 
of  the  objective  functional  in  (37)  with  respect  to 
Hence  this  term  can  be  interpreted  as  the  marginal  vatut 
of  an  additional  unit  of  type  j labor  working  on  contract  c 
during  period  t and  state  of  nature  s,  where  it  is  understood 
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that  marginal  value  is  measured  in  terms  of  discounted 
expected  collective  marginal  utility.  Rewriting  the  difference 
of  the  first  and  third  terms  in  (39)  as  the  sum  of  a marginal 
revenue  effect  and  a marginal  net  income  effect,  in  which 
the  latter  is  adjusted  to  take  into  account  the  stockholders' 
equity  and  cash  flow  effects  discussed  above,  leads  to 
(40).  The  sum  of  the  first  two  terms  in  (40)  can  be  interpreted 
as  the  net  mafiginat  valut  of  an  increase  in  where 

marginal  value  is  measured  in  the  manner  Just  described 
and  where  the  'net'  is  understood  to  mean  'net  of  the 
stockholders'  equity  and  cash  flow  impact'. 

Interpreting  the  first  two  terms  in  (40)  collectively 
as  the  net  marginal  value  of  an  additional  unit  of  labor  of 
type  J allocated  to  contract  c at  time  t in  state  of  nature 
s,  (40)  leads  to  the  following  labor  input  allocation  rules: 
Theorem  VII-1 

For  contract  c at  time  t in  state  of  nature  s,  the  airframe 
builder  should  allocate  the  different  types  of  labor  so 
that  the  marginal  rate  of  technical  substitution  between 
any  pair  Just  equals  the  ratio  of  their  net  marginal  values. 
Proof 

Denote  the  two  types  of  labor  by  J and  k.  For  given 
c,  t,  and  s there  are  two  conditions  like  (40),  one  for  J 
and  the  other  for  k.  Solving  each  for  Xg,  equating  the  two 
expressions,  and  rewriting  yields 


3 

g , (41) 

3c^\.s  < >3«GA.t.s/®cI'  t.s*^  >3\,s/3c^  t.s 
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where  the  terms  within  braces  In  (41)  are  the  sane  as  those 
in  (40).  Moreover,  the  same  result  holds  when  GO  is  substituted 
for  GA.  Q.E.D. 

Remark 

The  right-hand  side  of  (41)  represents  the  ratio 

of  the  net  marginal  values  of  the  two  different  types  of 

labor.  Each  net  marginal  value  is  expressed  in  terms  of 

a sum  of  discounted  probability-weighted  marginal  utilities, 

where  the  marginal  utilities  reflect  the  impact  on  total 

revenue  and  net  income  of  increased  labor  usage.  Condition 

(41)  is  really  analogous,  then,  to  the  neoclassical  input 

allocation  rule,  according  to  which  the  marginal  rate  of 

technical  substitution  between  each  pair  of  inputs  must 

40 

equal  the  ratio  of  the  unit  costs  of  the  two  inputs. 

Corollary  VII-1-1 

For  contract  c and  labor  of  type  j at  time  t,  the  airframe 
builder  should  allocate  type  j labor  between  states  of  nature 
s and  s'  in  such  a way  that  the  marginal  rate  of  technical 
substitution  between  the  state-specific  amounts  of  type  j 
labor  just  equals  the  ratio  of  their  net  marginal  values 
in  the  two  states. 

Proof 

Following  the  steps  in  the  proof  of  theorem  VII-1 
leads  to  the  following  expression: 
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{«D 


3U, 


t,s  3R, 


GA . t . s 

3» 


GA,t,s^^c^  t,s  * 


^^1  1 t S 

U.  ^ (X 


t^s  3Tr^^g  ^1+r^  s"«l'  ^ , t ,s , s 


U. 


3Ui  1 t S 

t.s-  '„f^^^9,t.s' ,s"'^^ll.t,s’ 


^^.s/^c^Vs 

t,s' 


where  the  right-hand  side  of  (42)  is  written  on  three  lines 
but  represents  one  fraction.  Moreover,  the  same  result  holds 
when  GO  is  substituted  for  GA.  Q.E.D. 


Remark 

As  would  be  expected  in  a stochastic  optimization, 
the  net  marginal  values  in  (42)  incorporate  the  corporate 
planners'  (possibly  subjective)  state  probabilities  <t>^ 

L I S 

and  4)^  ,.  Put  simply,  the  value  to  the  firm  of  any  particular 

allocation  of  labor  across  states  of  nature  at  time  t is 
dependent  on  the  probability  distribution  over  the  possible 
states  of  nature  at  time  t.  Also,  as  in  the  case  of  (41), 
each  of  the  net  marginal  values  on  the  right-hand  side  of 
(42)  is  expressed  as  the  siun  of  discounted  probability- 
weighted  marginal  utilities,  and  each  sum  reflects  the 
Impact  on  total  revenue  and  net  income,  and  indirectly  on 
expected  collective  utility,  of  Increased  labor  usage. 


(42) 
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Corollary  VII-1-2 

For  a contract  c that  is  ongoing  at  times  t and  t - 1,  for 

a state  s that  may  obtain  at  times  t and  t - 1,  and  for  labor 

of  type  J , the  airframe  builder  should  allocate  labor  usage 

intertemporally  in  such  a way  that  the  intertemporal  marginal 

rate  of  technical  substitution  just  equals  the  ratio  of  the 

41 

net  marginal  values  of  type  j labor  at  times  t and  t - 1. 
Proof 

Following  the  steps  in  the  proof  of  theorem  VII-1 
leads  to  the  following  expression: 


t-l.s 


{4* 


{<!> 


{<> 


It® 


t.s  3ti^  g U+r''  gi=i  9,t,s,s’ 


1 t-1  ® 


(43) 


^ll,t,s,s'^^^^t,s/^c^  t,s 
'll,t-l,s,s'^  ^^’^t-l.s^^c^^t-l.s 


where  the  right-hand  side  of  (43)  is  written  on  three  lines 
but  represents  one  fraction.  Moreover,  the  same  result 
holds  when  GO  is  substituted  for  GA.  Q.E.D. 

Remark 

The  right-hand  side  of  (43)  is  analogous  to  the  right- 
hand  side  of  (42),  where  the  net  marginal  values  in  the 
former  pertain  to  different  time  periods  (but  to  the  same 


I 


y 
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state  of  nature  s in  each)  and  where  the  net  marginal  values 
in  the  latter  pertain  to  different  states  (but  to  the  same 
period  t). 

Thus  far  equation  (40)  has  been  used  to  characterize 

the  representative  airframe  builder's  allocation  of  labor 

inputs.  The  three  allocation  results  summarized  as  theorem 

VII-1  and  corollaries  VII-1-1  and  VII-1-2  concern  relative 

allocations.  An  interesting  allocation  question  suggested  by 

the  discussion  of  the  basic  theoretical  model  in  chapters 

three  and  four  is  whether  government  contractors  exhibit  an 

42 

upward  cost  bias,  as  so  many  writers  have  suggested,  by 
utilizing  labor  beyond  the  point  at  which  a short  run  profit 
maximizer  would  - in  the  hope  of  Increasing  revenue  and  thereby 


increasing  expected  utility.  As  proved  in  the  following 
theorem,  the  representative  airframe  builder  modeled  in  (37) 

i / 

I does  indeed  exhibit  such  an  upward  cost  bias . 

I Theorem  VI 1-2 

■ 

- If  the  utility  function  is  strictly  concave  with 

I respect  to  total  revenue  and  net  income,  then  the  representative 

■ 

I military  airframe  builder  modeled  in  (37)  utilizes  labor  of 

f each  type  under  each  government  contract  beyond  the  short  run 

f profit  maximizing  level. 
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Since  dU^/dR  > 0 by  assumption  and  since  3R/3L  > 0 must 
hold  at  optimality,  it  follows  from  (40)  that  the  expression 
on  the  left-hand  side  of  (44)  must  be  strictly  negative 
at  optimality  for  the  firm  modeled  in  (37).  Note  that 
since  3R/3L  > 0 whenever  3Tr/3L  ^ 0,  it  follows  that  the 
firm  modeled  in  (37)  would  never  use  less  labor  than  a 
short  run  profit  maximizer.  But  then,  since  it  can  be 
shown  that  > 0 at  optimality , 

it  follows  that 


3U  It® 

^*^t,s3Tr^^T+r^  ~s.=1^^9.t,s,s''^^ll,t  ,s,s'  ' 

’ c t , 


(45) 


must  be  smaller  at  optimality  for  the  representative  air- 


frame builder  modeled  in  (37)  than  for  a short  run  profit 
maximizer.  Moreover,  if  3ir.  follows 

from  the  fact  that  X„  > 0 at  optimality  that 

the  expression  within  braces  in  (44)  and  in  (45)  must  be 
strictly  positive  at  optimality.  Then  differentiating 


(45)  with  respect  to  ^ gives 

C X I o 


3^U, 


t,s 


3Tr 


t,s 


'1  , 1 ,t,  ^’'t.S  ""1  f 1 .t 


3U, 


t,s 


t , s 
3^tt 


^ ^^9 1 s s-'^^ii  t s s'>^ — 

.,,1  9,t,s,s  ii,t,s,s  9(  ) 

C X y S 


< 0 . 


where  the  inequality  follows  from  the  assumed  concavity  of 
U,  , provided  „/3(„L'^^  „)*  < 0,  which,  together  with 

X XySCXyS 

the  observation  that  (45)  is  smaller  for  the  firm  modeled 
in  (37)  than  for  a short  run  profit  maximizer,  implies  that 
the  representative  airframe  builder  utilizes  labor  beyond 
the  short  run  profit  maximizing  level.  Thus,  in  order  to 
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complete  the  proof  of  the  theorem  it  remains  to  be  shown 

that  ,s/^c^'^t,s  ° ° 

government  contract  c.  To  simplify  the  notation  the  sub- 
scripts c,  t,  and  s are  not  explicitly  written.  To  simplify 


the  exposition,  what  follows  is  stated  in  terms  of  an  aero 


space  production  contract.  Replacing  GA  by  GO  extends  the 
proof  to  non-aerospace  (production)  contracts  and  setting 
3 “ 0 extends  the  proof  to  aerospace  research  and  development 


From  (8),  (15),  and  (32) 


[(1-B)y(C)-C+K]-  w,} 


(1-t){(1-3)[y' (C)*w.C+y(C)*w.]-  w.}  < 0 


where  K is  independent  of  j and  where  the  inequality  follows 
from  (9).  Differentiating  (46)  with  respect  to  gives 


where  the  inequality  follows  from  (9) 


Turning  next  to  the  allocation  of  labor  across  ongoing 


government  production  contracts  in  the  terminal  period  t * T 
the  following  necessary  condition  must  be  satisfied: 
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which  differs  from  (40)  due  to  the  effect  on  total  contract 

backlogs  of  a change  in  which  is  reflected  in 

3U  aB 

^ — L_  _ case  of  (40),  (48)  holds  when 

3B„  3 

T , s c T , s 

GO  is  substituted  for  GA,  i.e.  it  holds  regardless  of  the 
type  of  production  contract.  From  (8),  (12),  and  (36) 


it  follows  that 


< 0,  so  that  the  expression 


T,s  c T,s 

on  the  left-hand  side  of  (40)  is  strictly  positive  when 
t = T.  The  following  corollary  to  theorem  VII-2  states  the 
intuitively  apparent  result  that  the  sensitivity  of  back- 
logs to  unit  cost  R/Q  tends  to  restrain  the  airframe  builder's 
cost  bias. 

Corollary  VII-2-1 

If  the  utility  function  is  strictly  concave  with 
respect  to  each  of  its  arguments  ^ g,  Rqq  ^ g,  and 
TT  , then  the  sensitivity  of  backlogs  to  unit  cost  R/Q 

c I s 

has  the  effect  of  reducing  the  contractor's  labor  usage 
under  government  contracts. 


Proof 


It  follows  from  the  fact  that  3U2/3B,j,  g ^ 0 and 


< 0 that  the  sensitivity  of  backlogs  to 


unit  cost  cannot  cause  an  increase  in  labor  usage  under 
government  contracts.  But  then,  since  Xg  s^*^  ^ ® 


at  optimality,  it  follows  that 

^“gA,T,s  ^ ‘^''t,s 

C A > ^ 


(49) 


■ ,^1^^9,T,s,s'  ^ll,T,s,s’ 

c T,  s 
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must  be  greater  at  optimality  than  it  would  be  in  the 
absence  of  any  relationship  between  backlogs  and  terminal 
period  unit  costs.  Then  differentiating  (49)  with  respect 

to  c^^T.s 


3R.. 


( ( “GA.T,s  a + 

.s4+r^  > 


3U, 


3^R 


GA , T , s 


GA,T.s  9c^'^T,s  ^*^GA,T,s  3(cL'^t,s^' 


9tt 


3tt 


ri- 


T.s  ^c^^T.s 


T.S.)2  ^ { 


3U 


T.s  Irf^Tg  1+r 


(50) 


S 

- E (X 


3^TTn 


T s 

-^''9,T,s.s'‘^^ll,T.s,s'^^  . .j  " . ^ ° ' 

^ ^^c^  T.s^ 


which  follows  from  theorem  VI 1-2  and  the  assumed  strict 
44 


concavity  of  Uj^, 


Q.E.D. 


The  practical  import  of  corollary  VII-2-1  is  that, 

even  if  government  contractors  exhibit  an  upward  cost  bias, 

this  upward  cost  bias  is  restrained  to  some  extent  if 

contractors  perceive  a relationship  between  unit  cost  under 

ongoing  contracts  and  total  contract  backlogs  as  of  time 

t “ T.  The  theorem  and  corollary  suggest  that  this  restraining 

effect  would  be  heightened  if  government  procurement  policy 

were  to  impose  a relationship  between  contract  performance 

45 

and  future  contract  awards.  If  a suitable  measure  of 
past  performance  could  be  devised,  then  corollary  VII-2-1 
suggests  that  government  procurement  policy  should  make 
contract  awards  dependent  on  contractor  past  performance 
in  order  to  provide  an  incentive  for  efficient  contractor 
performance. 
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Turning  next  to  the  allocation  of  labor  to  the 
production  of  commercial  goods,  the  following  necessary 
condition  must  be  satisfied: 


3U. 


S * X 


37r 


4^  + 


3F, 


(51) 


3,.L 


k t,s 


*■  3.Lj. 
k t , s 


= 0 , 


where  j = M,  A,  E;  where  k = R denotes  aerospace  production 
and  k = N denotes  non-aerospace  production;  and  where 
t = 3 when  k = R and  t = 4 when  k » N.  The  next  theorem 
and  accompanying  corollaries  follow  from  (51). 

Theorem  VI 1-3 

For  production  of  type  k at  time  t in  state  of  nature  s, 
the  representative  airframe  builder  should  allocate  labor 
so  that  the  marginal  rate  of  technical  substitution  between 
any  pair  of  types  of  labor  just  equals  the  ratio  of  their 
respective  wage  rates.  Thus  the  neoclassical  criterion 
for  optimally  allocating  labor  inputs  continues  to  hold. 
Proof 

Denote  the  two  types  of  labor  by  j and  j ' . Solve 
each  of  two  versions  of  (51),  one  expressed  in  terms  of  j 
and  the  other  expressed  in  terms  of  j for  equate  the 
resulting  expressions,  and  rearrange  terms  to  obtain 


^k^^  t.s 


3it^  /3.LJ^ 
t.s  k t.s 


3, 


t , s 


3ii 


t ,s 


/\L 


y 


t,s 


(52) 
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It  follows  from  (31)  and  (32)  that 


— * -(l-T)w,  and  


k t , 8 


3,.L 


y 


-(l-T)Wj'  . 


(53) 


t , s 


Substituting  (53)  into  (52)  and  simplifying  yields 


3,  L' 


j' 


3uL  * 
k t ,s 


J* 


(54) 

Q.E.D. 


Remark 

Note  that  (54)  is  really  just  the  neoclassical 
criterion  for  an  optimal  labor  input  mix.  Thus,  as  was 
found  in  the  analysis  of  the  basic  theoretical  model  in 
chapter  three,  the  firm  is  motivated  to  select  the  cost- 
minimizing  input  mix  for  commercial  production. 

Corollary  VII-3-1 

For  production  of  type  k and  labor  of  type  j at  time  t, 
the  airframe  builder  should  allocate  type  j labor  between 
states  of  nature  s and  s'  in  such  a way  that  the  marginal 
rate  of  technical  substitution  between  the  state-specific 
amounts  of  type  j labor  just  equals  the  ratio  of  their 
respective  net  marginal  contributions  to  expected  collective 
utility  of  an  additional  dollar  of  net  income  in  state  s(s'). 
Proof 

Fix  k,  j,  and  t in  (51)  for  two  states  of  nature 
s and  s'.  Solve  each  expression  for  equate  the  resulting 
expressions,  and  rearrange  terms  to  obtain: 
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3,  l" 


3U. 


1 xt 


-s- 


S 

E (X, 


,t,s,s’ 


k t , s {<(> 


3Ul  S 

t.s'  3tt^  ^/l+r^  ■ g,.^j^^^9,t,s' ,s" 


t , s 


3tt 


(55) 


t.s 


t.s 

Stt  , 

j.  1 P-i  ^ 

^ ^ll.t.S’  .S"-'^-  .j 


^k^  t.s' 


where  the  expression  on  the  right-hand  side  is  written 
on  two  lines  but  represents  a single  fraction.  It  follows 
from  (31)  and  (32)  that 


3ir 


P" 

t ,s 


3ti 


t.s' 

J 

t,s' 


-(l-T)Wj  , 


(56) 


so  that  (55)  simplifies  to 

3U 


o.  ^*^t,s  TnTT'-l+r''  " „^,'-''9,t,s,s""''ll,t,s,s 

^ ^ ^ i-S  ^ ^ O J.  _ ■■  ■ _ — 


^ - £ (>, 


.,.)} 


..(57 


J ■ - 1 S 


^k^  t,s 


^ ^^9,t,s' ,s"'^^ll,t,s' ,s"^^ 


s"-l 


where  the  numerator  and  denominator  in  (57)  can  be  interpreted 
as  the  respective  net  marginal  contributions  to  expected 
collective  utility  of  an  additional  dollar  of  net  income. 

Q.E.D. 


Remark  1 

The  numerator  and  denominator  in  (57)  can  be 
interpreted  as  the  net  marginal  contribution  to  expected 
collective  utility  of  an  additional  dollar  of  net  income 
for  the  following  reason.  The  term  g( g)/(l+r)^ 
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represents  the  partial  derivative  of  the  objective  functional 

S 

in  (37)  with  respect  to  ^ while  - Z (Ag  ^ ^ s’^^11  t s s'^ 

t f t f f f f 

once  again  reflects  the  stockholders'  equity  and  cash  flow 
impacts  of  a change  in  Allowing  for  the  two  effects 

simultaneously  leads  to  the  Interpretation  of  the  difference 
within  braces  in  numerator  and  denominator  in  (57)  as  a 
'net  marginal  contribution  to  expected  collective  utility'. 
Remark  2 


Corollary  VII-3-1  represents  the  logical  extension 
of  the  neoclassical  criterion  for  combining  inputs  optimally 
to  a stochastic  environment. 

Corollary  VI 1-3-2 

For  production  of  type  k,  labor  of  type  j,  and  state  of 
nature  s that  might  obtain  at  times  t and  t - 1,  the  air- 
frame builder  should  allocate  type  j labor  between  periods 
t and  t - 1 in  such  a way  that  the  marginal  rate  of 
technical  substitution  between  the  time-specific  amounts 
of  type  j labor  just  equals  the  ratio  of  their  respective 
net  marginal  contributions  to  expected  collective  utility 
of  an  additional  dollar  of  net  income  during  period  t(t-l). 
Proof 


Fix  k,  j,  and  s in  (51)  for  two  time  periods  t 
and  t - 1,  and  proceed  as  in  the  proof  of  corollary  VII-3-1 
to  obtain: 


^k^  t-l.s 
^k^  t,s 


It  ® 


. 


t.s  3Tr.  9,t,s,s'  ll,t,s,s 


.)} 


,s 

irn 


WW ..  1 t — 1 


Q.E.D. 
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Remark 


Note  that  for  the  proof  of  corollary  VI 1-3-2, 

(36)  still  applies,  but  with  s^^k^^t-1  s place 

of  • 

The  second  set  of  operating  policies  that  are  to 

be  considered  in  this  section  concern  the  airframe  builder’s 

determination  of  the  optimal  stock  of  contractor-furnished 

capital  for  each  period  and  state,  1^.  and  accordingly, 

from  (3),  its  optimal  investment  policy  for  each  period 

and  state,  I.  . Two  cases  are  considered:  0 < t < T 
t , s 

and  t * T. 

First,  suppose  0 < t < T.  It  follows  from 

_C 

differentiating  (38)  that  the  optimal  stocks,  K ^ g,  must 
satisfy 


3Tr 


OU-  ^ 1 

3K^  ‘^gJi^l,t,s,s'-^T+7>g.flH,t+l,s',i 

^ I s 

S 

^5 , t , s"^10 , t , s* ‘^t , s'*’^ g , f ^9 , t , s , s ’ ■^^11 , t , s , s ' ^ ^ 


S 

^^)-g,f/ll,t,s,s-'*t,s 


- 0 


It  also  follows  from  differentiating  (38)  that  the  optimal 
investment  levels,  I^  g,  must  satisfy 

s s 

^ ,^/l,t.8,s'>^-  i/ll,t,s.s-^^‘*t,s>  * 

S * X S X 

Equation  (59)  can  be  rewritten  as 

S S 

^ t s s'  “ (l'*’^)Qt  s ^ ^11  t s s'  ’ 


(58) 


(59) 


(60) 
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It  follows  from  (32)  that 


I 


I 

i 

i 


air 


-(l-T)q 


t ,8 


t,s 


(61) 


Substituting  (60)  and  (61)  into  (58)  and  rearranging  terms 
yields 


S.t.s 


au 


1 . 1 xt 


t.s  j^^^9,t,s,s'  ''ll,t,s,s 

^T^^g.f^^l.t+l.s-.s'"  ^10,t,s‘lt,s 


,f  + 


.)}  X 


(62) 


S 

-(  Z \ 
s '■! 


ll,t,s,s' ^‘^t.s  • 


Next  an  Interpretation  is  given  to  the  equilibrium  condition 
(62). 

From  (37m)  it  follows  that  ^5  g measures  the 
marginal  value  in  terms  of  discounted  expected  collective 
utility  of  an  additional  unit  of  contractor-furnished 
capital  at  time  t in  state  of  nature  s.  The  first  term 
on  the  right-hand  side  of  (62)  measures  the  immediate 
impact  on  net  income  of  an  additional  unit  of  capital,  once 
again  adjusted  for  the  indirect  impact  on  stockholders' 
equity  and  cash  flow.  This  interpretation  follows  from 
(61).  The  second  term  on  the  right-hand  side  of  (62) 
measures  the  value  of  an  additional  unit  of  capital  this 
period  in  terms  of  reduced  capital  needs  next  period, 
where  (j^)  of  each  unit  will  be  available  next  period  and 
where  its  value  in  terms  of  the  next  period's  needs  is 
dependent  on  the  state  obtaining  next  period  (hence  the  sum 


i 


■i 
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s 

^ i-4.1  n»  €.)•  third  term  on  the  right-hand  side 

g I » S » S 

of  (62)  can  be  interpreted  as  a measure  of  the  balance  sheet 
effect  of  an  additional  unit  of  capital.  The  addition  of 
q..  _ value  units  to  the  assets  side  of  the  balance  sheet 
in  table  VII-1  necessitates  an  equal  increment  on  the 
liabilities  and  stockholders'  equity  side  - i.e.  the 
investment  must  be  financed  somehow.  The  fourth  term  on 
the  right-hand  side  of  (62)  is  interpretable  as  the  direct 
cash  flow  effect  of  the  outflow  of  q^  „ in  cash  to  purchase 

V , a 

the  additional  unit  of  capital.  Collecting  these  results, 

(62)  is  seen  to  be  the  familiar  marginal  value  equals  marginal 

cost  necessary  condition  for  optimal  capital  investment. 

The  Important  point  is  that  in  equilibrium  the  Lagrange 

multiplier  X_  measures  the  marginal  value  of  an  additional 
o ^ ^ ^ s 

unit  of  capital  and  is  numerically  equal  to  the  marginal 

cost  of  an  additional  unit  of  capital  (since  in  equilibrium 

these  quantities  must  be  equal).  Moreover,  since  this 

marginal  cost  is  strictly  positive,  except  in  unusual 

circumstances,  it  may  be  inferred  that  X_  > 0 for  all 

o , t , s 

* .4  47 

t and  s. 


Equilibrium  condition  (62)  is  appropriate  provided 
0 < t < T.  For  t ■ T the  equilibrium  condition  takes  a 
somewhat  different  form.  It  follows  from  differentiating 
(38)  that  the  terminal  capital  stocks,  K ,j,  ^ must  satisfy 


3U-  „ 3Uo  IT  S 

(*  {t, — =_  — — i-?  + — == — ^ )"  + Z A,  _ , 

X y S X ^ s 

s 

^5,T,s  " ^10,T,8^T,8  ^9,T,s,8'  ^ll,T,s,s'^ 


(63) 


J 


i 


I 

:| 
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^ ^ 
3ir 


3irT  S 

- E A 


T,s 


.Qt  =<5  “ 0 . 


^^2  IT  1 ^ 

♦t.s  ;=C ^rf?^  replaced  - ( . t+1 . s • , s 

T.s  ® ^ 

in  (58)  as  a measure  of  the  value  of  an  additional  unit  of 

capital  in  terms  of  future  needs.  Equations  (59),  (60), 

and  (61)  continue  to  hold,  but  with  t = T.  Using  (60) 

and  (61),  each  with  t * T,  to  substitute  into  (63)  yields 

the  following  equilibrium  condition  for  optimal  investment 

in  the  terminal  period: 


5,T,s 


{0 


3U,  - „ S 

T,s  3i;^^T+?^  " g,f^^^9,T,s,s’  ^ll,T,s,s'^^ 


3U, 


(l-T)qT,s5  - <j),j,  g ^ ^ ^l+r^  * ^10,T,s  *^1,8 

T,s 


(64) 


- ( E A 
s ' “1 


ll,T,s,s' ^‘*T,s  • 


Since  (64)  is  clearly  analogous  to  (62)  term-by-term,  it  is 
not  necessary  to  give  it  a separate  interpretation. 

Turning  next  to  the  optimal  allocation  of  capital 
inputs,  the  following  necessary  conditions  must  be  satisfied 
for  contractor-furnished  capital  at  time  t,  0 < t < T: 


1 t t 8 r 


3U 


1 (.J_)t 

V 1 


S 

E (A 


3it 


s ' “1 
- A 


tiS 


3F. 


5,t,8 


9,t,S,8^  ll,t,S,S  ^ If' 

'’c'^  t,S 

0 , 


,))  ■ y - + ^2  c — e 


C t ,F 


(65) 
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where  k - GA,  GO,  and 


^ 3 

^k*^  t,s 


-'S.t.s-O 


(66) 


where  k = R,  N and  where  1*2  when  k = R and  «.  * 4 when 
k = N.  Note  that  (65)  and  (66)  are  analogous  to  (40)  and 
(51),  respectively.  Note  also  that  when  t = T it  is 
necessary  to  take  the  backlog  effect  into  account  and  (65) 
must  be  modified  in  a manner  similar  to  that  used  to  modify 
(40)  to  obtain  (48). 

Necessary  condition  (65)  applies  to  contractor- 
furnished  capital  allocated  to  government  contracts  while 
necessary  condition  (66)  applies  to  contractor-furnished 
capital  allocated  to  commercial  production.  In  comparing 
the  two,  one  notes  the  first  two  terms  in  (65)  that  have 
no  counterpart  in  (66).  These  two  terms  reflect  the  impact 
of  a change  in  the  amount  of  contractor-furnished  capital 
allocated  to  a government  contract  that  arises  from  the 
fact  that  interest  and  depreciation  are  allowable  costs. 

The  existence  of  such  an  effect  can  be  seen  by  examining 
(37b),  (37c),  and  (37d).  A change  in  ^ in  (37d)  has 

a direct  effect  on  g,  which  in  turn  affects  R^^  t s 
(37b)  or  R,^«  * „ (37c),  depending  on  the  type  of  contract. 

Thus,  a change  in  the  amount  of  contractor-furnished  capital 
allocated  to  a government  contract  has  revenue  effects  that 
must  be  taken  into  account  by  the  contractor  at  the  time  the 
capital  input  allocation  decision  is  made. 

As  noted  above,  in  equilibrium  ^5^5^®  numerically 
equal  to  the  marginal  cost  of  contractor-furnished  capital. 


1080 


The  difference 


t,s 


air 


t , s 


a K^. 

c t , s 


(67) 


where  the  terms  within  braces  are  the  same  as  in  (65), 
can  be  interpreted  as  the  ne-C  maA.ginat  coAt  cap^taZ 
aZlocate.d  to  gove-tnment  con^/iac^A , where  the  'net'  is  under- 
stood to  mean  'net  of  the  revenue-related  affects  arising 
out  of  the  allowability  of  depreciation  and  interest  expense 
under  government  contracts'.  It  should  be  noted  that  the 
net  marginal  cost  of  capital  allocated  to  government  contracts 
given  by  (67)  is  positive  at  optimality,  since,  as  implied 
by  lemma  VII-1,  which  is  proved  below,  X_  (3F  /9  K^.  o)  ^ 0 
in  (65). 


Given  the  above  interpretation  of  (67),  the  following 
theorem  and  corollaries  follow  directly  from  (65)  and  (66). 

It  is  assumed  in  what  follows  that  0 < t < T.  Perfectly 
analogous  results  can  be  derived  for  the  special  case  t = T. 
Theorem  VI 1-4 

For  contract  c at  time  t,  the  airframe  builder  should  allocate 
contractor-furnished  capital  between  states  of  nature  s 
and  s'  in  such  a way  that  the  marginal  rate  of  technical 
substitution  between  the  state-specific  amounts  just  equals 
the  ratio  of  their  net  marginal  costs  in  the  two  states. 

Proof 


Fix  c and  t in  (65).  Specify  two  states  s and  s'. 

^^c 

Solve  the  respective  versions  of  (65)  for  X.,  w 

3 

c t»  s 

and  divide  one  by  the  other  to  obtain  ’ 
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'A.  s' 


>5.t.s-<  >^'hc.t.s/^o'^^.s-<  >^^.s/^c'=^.s 


»/t,s  ’ ^S.t.s'-'  'SOk.t.s'/^A.s'-f 


. (68) 


which  is  the  desired  result. 


Q . E . D . 


Corollary  VII-4-1 

For  contract  c and  state  of  nature  s that  might  obtain  at 
times  t and  t - 1,  the  airframe  builder  should  allocate 
contractor-furnished  capital  between  periods  t and  t - 1 
in  such  a way  that  the  intertemporal  marginal  rate  of 
technical  substitution  just  equals  the  ratio  of  the  net 
marginal  costs  of  contractor-furnished  capital  under  contract 
c at  times  t and  t - 1. 

Proof 


Fix  c and  s in  (65).  Specify  two  time  periods  t 
and  t - 1 at  which  state  s might  obtain  and  proceed  as  in 
the  proof  of  theorem  VI 1-4  to  obtain 


t-l,s  _ 
t , s 


(69) 


which  is  analogous  to  (68).  Q.E.D. 

Corollary  VI 1-4-2 

For  commercial  production  of  type  k,  the  airframe  builder 
should  allocate  capital  between  states  of  nature  s and  s' 
at  time  t in  such  a way  that  the  marginal  rate  of  technical 
substitution  between  the  state-specific  amounts  just  equals 
the  ratio  of  their  marginal  costs  in  the  two  states. 
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Proof 


Use  (66)  and  proceed  as  in  the  proof  of  theorem 
VII-4  to  obtain 

C t , S ' _ 5 , t , S 

3_K^.  - ^5,t,s' 


(70) 


t , s 


Q • E ■ 0 • 


Corollary  VI 1-4-3 

For  commercial  production  of  type  k and  state  s that  might 
obtain  at  times  t and  t - 1,  the  airframe  builder  should 
allocate  capital  intertemporally  in  such  a way  that  the 
intertemporal  marginal  rate  of  technical  substitution  just 
equals  the  ratio  of  the  marginal  costs  of  capital  at  times 
t and  t - 1. 

Proof 

Use  (66)  and  proceed  as  in  the  proof  of  corollary 
VII-4-1  to  obtain 

. = . 5,1.^  , (71) 

,, 

Q.E.D. 

The  capital  allocation  rules  given  in  theorem  VII-4 
and  corollaries  VII-4-1,  VII-4-2,  and  VII-4-3  are  analogous 
to  the  labor  input  allocation  rules  given  in  corollaries 
VII-1-1  and  VII-1-2.  Additional  rules  for  trading  off 
contractor-furnished  capital  and  labor  in  both  govern- 
ment production  and  commercial  production  could  be  developed. 
The  resulting  equilibrium  conditions  would  be  perfectly 
analogous  to  (68)-(71),  and  so  are  not  stated  explicitly  here. 
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Necessary  conditions  (65)  and  (66)  apply  to 
contractor-furnished  capital  only.  In  addition,  government- 
furnished  capital  must  be  allocated  in  accordance  with  the 
following  necessary  condition: 


2,c  g jjG 


^6,t,s  “ ° ’ 


c t , s 


where  > 0 is  analogous  to  Ac  . and  measures  the 

Oj'CyS 

marginal  value  in  terms  of  discounted  expected  collective 

utility  of  an  additional  unit  of  government-furnished 

48 

capital  at  time  t in  state  of  nature  s.  (72)  could  be 
used  to  derive  allocation  rules  for  government-furnished 
capital  that  are  perfectly  analogous  to  (70)  and  (71), 

Due  to  this  analogy,  these  results  are  not  derived  explicitly 
here.  A somewhat  more  interesting  allocation  question 
concerns  the  trade  off  at  the  margin  between  contractor- 
furnished  capital  and  government-furnished  capital  for  each 
ongoing  government  contract  c.  The  following  theorem 
concerns  this  trade  off; 

Theorem  VI 1-5 

For  contract  c at  time  t in  state  of  nature  s, 
the  airframe  builder  should  combine  contractor-furnished 
capital  and  government-furnished  capital  in  such  a way 
that  their  marginal  rate  of  technical  substitution  just 
equals  the  ratio  of  their  net  marginal  values. 

Remark 

Both  A-  . and  A^  „ „ measure  the  marginal  value 
5 , t , 8 b , t , s 

of  an  additional  unit  of  capital  allocated  in  an  optimal 
manner  over  the  firm's  government  contracts  (and  in  the 
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f ' 


case  of  X_  ^ , also  over  the  firm's  commercial  products). 

For  government-furnished  capital  this  marginal  value  is 
measured  in  terms  of  the  improvement  in  expected  collective 
utility  resulting  from  the  unit  of  capital's  direct 
contribution  to  production.  For  contractor-furnished 
capital  there  is  not  only  this  direct  effect,  but  also  an 
indirect  effect  due  to  the  fact  that  imputed  interest  is 
now  an  allowable  cost.  Hence,  reallocating  a unit  of 
contractor-furnished  capital  from  contract  c to  its  next 
best  alternative  use  involves  a cost  in  terms  of  the  effect 
on  expected  collective  utility  of  the  immediate  impact 
on  imputed  interest.  Therefore,  in  determining  the  optimal 
mix  of  government-furnished  capital  and  contractor-furnished 
capital  under  any  government  contract  c,  this  effect  must 
be  taken  into  consideration.  Consequently,  as  demonstrated 
in  the  proof  of  theorem  VII-5,  the  value  of  a unit  of 
contractor-furnished  capital  must  be  figured  net  of  this 
effect . 

Proof  of  Theorem  VII-5 

Solving  (65)  and  (72)  for  A,,  equating  the 

^ , c 

resulting  expressions,  and  rearranging  terms  leads  to 
the  expression. 


3 K® 

^c*^  t,s 

c t , s 


(73) 


^6,t,s 
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where  the  terms  in  braces  are  the  same  as  those  in  (65). 

The  numerator  and  denominator  in  (73)  are  interpreted  as 
the  net  marginal  values  of  contractor-furnished  capital 
and  government-furnished  capital,  respectively,  as  discussed 
in  the  above  remark.  Q.E.D. 


Corollary  VlI-5-1 

If  imputed  interest  and  depreciation  were  not 
allowable  costs,  then  the  airframe  builder  would  achieve 
the  optimal  combination  of  contractor-furnished  capital 
and  government- furnished  capital  for  each  contract  c at 
time  t and  state  of  nature  s by  combining  them  so  that  their 
marginal  rate  of  technical  substitution  just  equals  the 
ratio  of  their  marginal  values,  Xg  ^ s^^6,t  s* 

Proof 


If  imputed  interest  and  depreciation  were  not  allowable 


costs,  then  it  follows  from  (8),  (15),  (16),  and  (32)  that 


^^k,t,s/®c*^  t,s 


t,s 


0.  Then  from  (73),  the 
marginal  rate  of  technical  substitution  equals  Xg  ^ ^/Xg  ^ g. 

Q.E.D. 


Corollary  VII-5-2 

If  at  time  t and  state  of  nature  s government- 
furnished  capital  were  in  such  plentiful  supply  that  its 
marginal  value  were  zero,  and  if  the  marginal  rate  of 
technical  substitution  between  government-furnished  capital 
and  contractor- furnished  capital  were  always  finite,  then 
at  optimality  the  net  marginal  value  of  contractor-furnished 
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capital  would  be  zero  for  each  contract  c (at  time  t in 
state  of  nature  s).  Alternatively,  the  marginal  value 


in  production  of  an-additional  unit  of  contractor-furnished 


capital,  X-  , would  equal  the  sum  of  the  marginal 
o , t , s 

revenue-related  effects  arising  out  of  the  allowability  of 
depreciation  and  interest  expense  under  government  contracts, 

Proof 

By  hypothesis  X^  ^ =0  for  some  t and  some  s. 

b , t , s 

Rewriting  (73)  as 
,G 


3 K 


_e LtS) 

l,t,S^  a v-C  ' 


SR,. 


^6.t.s^~  ^ ' 5,t,s  \ ^ 

c t ,s 


-{  -{  } — ^ 


c“  t,s 


(74) 


leads  to  the  main  result.  Solving  (74)  for  ^5^2  leads 
to  the  alternative  interpretation  of  the  main  result.  Q.E.D. 


The  significance  of  theorem  VII-5  is  that  it  establishes 
the  optimality  criterion  for  combining  government-furnished 
capital  and  contractor-furnished  capital  for  production 
under  government  contracts.  Corollary  VI 1-5-1  demonstrates 
that  the  optimal  trade  offs  established  in  theorem  VII-5 
are  sensitive  to  government  policy  regarding  the  allow- 
ability of  interest  cost,  and  corollary  VII-5-2  demonstrates 
that  the  optimal  trade  offs  are  also  sensitive  to  the 
availability  of  government-furnished  capital.  While  neither 
of  these  results  is  counterintuitive, the  fact  that  they 
were  derived  from  the  airframe  builder  model  (37)  is 
supportive  of  the  model's  validity. 

The  fourth  set  of  operating  policies  that  are  to  be 

explored  In  this  subsection  involve  the  determination 
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of  the  optimal  conmerclal  outputs.  At  optimalitsr  the 


I 


commercial  output  levels  ^ and  ^ must  satisfy  the 
following  necessary  condition; 

. , ’"i.t.s  , 1 ,t  ^ , _!!k_ 


’"t  S 

+ I Xr.  . - a a'  -)  - ^ 


^ s 


8 


{ ^ 


3ir.  3V^  „ 

s'Vii't.s.s-^3^  w;; 


(75) 


S 3C.  3V* 

- Z \ { ^ ^ -f  — , .^.1  ^ } s 0 

where  (j,  k,  1)  « (CA,  R,  3)  or  (CO,  N,  4).  Rewriting 
(75)  in  terms  of  the  derivatives  of  Rj  ^ g,  g,  g, 
y , and  F.  yields  the  following  equation: 

X ^ S K 


{<^ 


3U, 


1 a.  3Rj  4.  _ 
( 1 


t.s  aRj.t.s^^^  W 
3U 


+ {♦ 


^ (iTr)^  - ^ 


,,+X. 


^’'t,s  g.^3^'''9.t,s,s'  ''ll,t,S,8 

3it 


, )>  X 


t s ^ ® 

9^Q’_g  ■ 


,%s_  , , J!k 


(76) 


The  Lagrange  multiplier  sum  ^ X-,  , was 

g * A A , W I 0 , O 

encountered  in  (40),  where  it  was  interpreted  in  terms  of 
the  impact  of  operating  policy  on  cash  flow  at  time  t in 
state  s,  depending  on  what  cash  flow  was  in  stute  s'  at 
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time  t - 1.  In  the  case  of  (76)  the  operating  policy  in 

^ ^ question  concerns  setting  the  optimal  levels  of  the  commercial 

outputs.  The  value  of  an  additional  unit  of  output  affects 

cash  flow  through  its  impact  on  the  current  period's  net 

income,  and  the  severity  of  this  effect  depends  on  the 

cash  flow  (i.e.  the  availability  of  cash  from)  the  previous 

period,  which  in  turn  depends  on  which  particular  state 

S 

obtained  that  period.  The  Lagrange  multiplier  sum  ^ * c-  «=  • 

s ' *1  ® , X , s , s 

can  be  given  an  analogous  interpretation.  The  difference 
^ of  Lagrange  multiplier  sums  in  (76) 

> S S 

^ ^11  t s s ' ” ^ ^11  t+1  s*  s 

1 s'=l  s'=l  ® 


has  not  been  encountered  previously  in  this  chapter.  The 
difference  (77)  reflects  the  fact  that  an  increase  in 
current  period  output  increases  both  the  transactions  demand 
for  cash  C and  the  required  inventories  of  work  in  process 
that  are  included  in  V,  and  that  the  severity  of  the  resulting 
effects  on  the  behavior  of  the  firm  are  dependent  on  cash 
available  from  state  s'  at  time  t - 1;  but  that  ceteris 
paribus  the  greater  accumulation  of  cash  this  period  reduces 
the  strain  of  meeting  the  transactions  and  inventory  cash 
needs  next  period,  and  that  the  Importance  of  this  reduction 
for  the  behavior  of  the  firm  depends  on  which  state  obtains 
next  period.  To  capture  both  these  interperiod  effects 
in  the  optimization  requires  the  difference  of  Lagrange 
multiplier  sums  (77). 

The  foregoing  comments  suggest  that  the  first  three 
terms  in  (76)  can  be  Interpreted  collectively  as  the 
marginal  value  to  the  firm  - expressed  in  terms  of  discounted 


f 

I 

i 

t 

I 
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expected  collective  utility  - of  an  additional  unit  of 
conmercial  output  of  type  k,  k ■ R,  N.  This  marginal 
value  consists  of  three  components.  The  first  is  the 
incremental  value  transmitted  through  a change  in  total 
revenue,  { }(9R/3Q).  The  second  is  the  incremental  value 
transmitted  through  a change  in  net  income,  { }(3iT/dQ). 

The  third  is  the  incremental  value  transmitted  through  a 
change  in  the  cash  balance  and  working  capital  require- 
ments, { }(3C/3Q  3V/3Q).  Given  this  interpretation 

of  the  sum  of  the  first  three  terms  in  (76),  the  following 
theorem  is  easily  proved. 

Theorem  VI 1-6 

For  commercial  output  of  type  k at  time  t,  the 
airframe  builder  should  establish  production  levels  for 
states  s and  s'  such  that  the  marginal  rate  of  transformation 
between  the  state-specific  amounts  of  output  just  equals 
the  ratio  of  their  marginal  values  (or  marginal  contributions 
to  expected  collective  utility)  in  the  two  states.  For 
commercial  output  of  type  k and  for  a state  of  nature  s 
that  might  obtain  at  times  t and  t - 1,  the  airframe  builder 
should  establish  intertemporal  production  levels  such 
that  the  marginal  rate  of  transformation  between  time- 
specific  amounts  of  output  Just  equals  the  ratio  of  their 
marginal  values  in  the  two  periods. 

Proof 

To  prove  the  first  statement,  fix  t and  use  (76) 

to  obtain  expressions  for  ,8^  ^^^k^^k^t  ,s' 

Divide  the  former  by  the  latter  to  obtain  an  expression  for 
the  marginal  rate  of  transformation,  - ,8^^k^t ,s ' * 
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To  prove  the  second  statement,  proceed  In  the  same  manner,  but 
fixing  s rather  than  t.  Q.E.D. 

Note  that  theorem  VI 1-6  contains  results  that  are 
analogous  to  the  results  contained  in  theorem  VII-3  and 
corollaries  VII-3-1  and  VII-3-2.  Collectively,  these  theorems 
and  corollaries  extend  the  neoclassical  optimality  rules  to 
the  case  of  the  expected  collective  utility  maximizer,  as  dis- 
cussed in  chapter  four.  Theorem  VI 1-6  is  particularly  important 
because  it  demonstrates  the  connection  between  financial  require- 
ments, and  in  particular,  cash  balance  and  working  capital 
requirements,  and  the  firm's  output  decision.  The  next  theorem 
demonstrates  this  connection  somewhat  more  forcefully. 

Theorem  VI 1-7 

I In  deciding  how  much  commercial  output  of  type  k to 

( produce  at  time  t in  state  of  nature  s,  the  airframe  builder 

will  compare  after-tax  marginal  production  cost  with  the 
following  sum  of  three  terms;  the  unit  of  output's  marginal 
I contribution  to  net  income  plus  the  unit  of  output's  marginal 

contribution  to  total  revenue  adjusted  for  cash  flow  effects, 
less  the  implied  cost  impact  of  the  marginal  increase  in  cash 
> balance  and  working  capital  requirements.  Moreover,  this  sum 

^ will  equal  after-tax  marginal  production  cost  when  the  airframe 

j builder  is  in  equilibrium. 

I Remark 

f The  exact  nature  of  this  'sum',  which  is  closely 

related  to  the  concept  of  the  marginal  value  of  output  defined 
above,  is  brought  out  clearly  in  the  proof  of  the  theorem. 
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Proof  of  Theorem  VI 1-7 

Fixing  t and  s,  using  (51)  to  obtain  an  expression 

for  X (3F. „)  and  (76)  to  obtain  an  expression  for 
I K * 

X (3F.  /3,,Q^  „),  and  dividing  the  former  by  the  latter  yields 

K K X , S 

where 


A « {4> 


A 1 .t  S 


t,s  •g,5j^^9,t.s,s'‘"^ll.t.s,s'^^g 

* k t , i 


. 1 . r.  ''^'1  / 1 xt 


s _ _ s 

" ,^,^^9,t  ,s,s''*’^ll,t,s,s'  ^^3.  Q^*  " ^^10,t,s 

8 * *1  K X , S 


s 

- [ z \ 

s'-l 


S S 3C  3V 

T \ - T X 1 ) / ^ f S_  + y-tJ?— ) , 

, , ll,t,s,s'  , , ll,t+l,s' ,s-'^'‘3.  „ a.Q^ 

*x  8*X  KX|S  KXyS 


From  (31)  and  (32)  it  follows  that 

— p-  - -(i-T)Wj  . (8i; 

V t,8 

Substituting  (81)  into  (79)  and  rearranging  te’-ms  in  (78)  yields 


(l-T)w, 


(82) 


and  using  (80)  to  substitute  for  B in  (82)  yields 


1092 


The  left-hand  side  of  (83)  is  interpretable  as  the  after-tax 


marginal  production  cost  of  conmercial  output  of  type  k,  and 


the  right-hand  side  of  (83)  consists  of  the  sum  of  the  three 


effects  in  the  order  in  which  they  were  listed  in  the  state 


ment  of  the  theorem 


The  signlf ican.’.e  of  theorem  VII-7  is  that  the 


equilibrium  condition  (33)  demonstrates  clearly  the  role 


that  financial  factors  play  in  determining  the  airframe 


builder's  commercial  output  levels.  In  particular,  the 


output  decision  would  not  be  Independent  of  financial 


considerations  unless 
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I 

i 

■ 

I 

I 


i 


I 

1 


s 


0. 


In  general,  it  cannot  be  assured  that  either  of  these  conditions 
will  hold  at  optimality.  This  is  demonstrated,  and  its 
implications  for  the  behavior  of  the  representative  airframe 
builder  are  explored  further,  in  the  next  subsection. 

The  fifth  set  of  operating  policies  that  are  to  be 
considered  in  this  section  involve  the  determination  of 
the  optimal  effectiveness/performance  levels  under  govern- 
ment contracts.  For  each  government  contract  c at  each  time 

A 

t and  in  state  of  nature  s,  the  effectiveness  levels  E. 

C X I s 

must  satisfy  the  following  necessary  condition: 


3U, 


'^t  ,s 


c t , s 


U+r' 


8F, 


^2,c 


C X ^ s 


(84) 


Necessary  condition  (84)  leads  immediately  to  the  following 
theorem: 

Theorem  VI 1-8 

For  contract  c at  time  t,  0 < t < T,  and  states  of 
nature  s and  s',  the  airframe  builder  should  set  state- 
specific  effectiveness  levels  ^ and  ^E^  g,  in  such  a 
way  that  their  marginal  rate  of  transformation  Just 
equals  the  ratio  of  their  probability-weighted  marginal 
utilities.  For  contract  c and  state  of  nature  s that  might 
obtain  during  periods  t and  t-1,  0<t<T,  the  airframe 
builder  should  set  intertemporal  effectiveness  levels  E. 

W V I o 

and  E^  . in  such  a way  that  their  marginal  rate  of 
transformation  Just  equals  the  ratio  of  their  discounted 
probability-weighted  marginal  utilities. 


t 


I 


• ) 


O ' 
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Proof 


Proceeding  as  before  from  (84)  yields 


n.s 


d>  1 ( 1 st 

3„E  3„E  ^ 3U,/3  E 

c t.s  c t.s  t,s  1'  c t.s 

— —I — = jjj = — I ^-1 

n.s-  _^(  1 n.s-  ^V^^t.s- 

'c^.s- 


^c®t,s 


Remark 


Q.E.D. 


If  t » T in  the  first  statement  in  theorem  VI 1-8, 
then  the  expressions  in  the  numerator  and  denominator  of 
(85)  must  be  adjusted  for  the  Impact  of  effectiveness 
under  ongoing  government  contracts  on  backlogs.  For  t » T, 
it  follows  from  (38)  that  (84)  must  be  replaced  by 


'1+r'  s ^ 

l*r  l.S  gg  g g 


U+r^  2,c 


'c“T,s 


"T,s  “c^T.s 


3 E_ 
c T,s 


from  which  it  follows  that 


’"2  »®T.s 

"'■A  A * 

dBr„  3 E- 
T,s  c T,s 


must  be  added  to  numerator  and  denominator  (with  s*  in  place 
of  s in  the  latter)  tc  obtain  the  appropriate  optimality 
criterion  for  the  terminal  period.  When  t ■ T in  the  second 
statement  in  theorem  VI 1-8,  the  product  of  (87)  and  l/(l+r)'^ 
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Proof 


It  follows  from  (88),  from  the  assumption 

that  s ^ ^2,c  ° 

for  each  government  contract  c. 

Turning  to  the  second  statement , note  that 


3V9^ 

'Vt.s 


> (1-T){- 


1} 


‘■=  ’"cA.t.s 


follows  from  (8),  (15),  and  (32).  It  then  follows  from 
(39)  and  (88)-(91)  that 

S “A 


It  also  follows  from  (88)  and  (89)  that 


Remark 

The  left-hand  side  of  (90)  is  interpreted  as  the 
contractor's  marginal  rate  of  substitution  between  net  income 
and  revenue  earned  on  the  sale  of  aerospace  products  to  the 
government  (and  on  aerospace  research  and  development  carried 
out  for  the  government).  The  right-hand  side  of  (90)  is 
interpreted  as  the  rate  at  which  net  income  and  government 

53 

aerospace  sales  revenue  can  be  traded  off  for  one  another. 
(90)  requires,  then,  that  the  contractor's  subjective  rate  of 
trading  off  net  income  and  government  aerospace  sales  revenue 
be  at  least  as  great  as  the  (objective)  rate  at  which  these 
quantities  can  be  traded  off  within  the  contractor's  income 
statement. 
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Theorem  VI 1-9 


For  contract  c and  for  labor  of  type  j at  time  t 
and  state  of  nature  s,  the  amount  of  labor  of  type  j allocated 
to  work  under  contract  c should  be  such  that  the  marginal 
contribution  of  labor  of  type  j to  weapons  system  effectiveness/ 
contract  performance  under  contract  c just  equals  the  negative 
of  the  ratio  of  the  discounted  probability-weighted  marginal 
utility  of  effectiveness/performance  under  contract  c to 
the  net  marginal  value  of  labor  reckoned  in  terms  of  its 
contribution  to  total  revenue  and  net  income. 

Proof 


Without  loss  of  generality,  assume  that  the  contract 
c is  an  aerospace  contract.  Solving  (40)  for  Xg  ^^c'^^c^'^t  s^ 
and  (84)  for  X„  (3F  /3  E ),  dividing  the  former  by  the 

^ p C C CvyS 

latter,  applying  the  implicit  function  theorem,  and 
multiplying  through  by  -1  yields 


^c^t .s 
3 

c t , s 


(93) 


where  the  expressions  within  braces  in  the  numerator  of  (93) 
are  the  same  as  those  within  braces  in  (40).  Q.E.D. 


Remark 

Note  that  the  expressions  on  both  sides  of  (93) 
are  positive  since,  by  lemma  VII-1,  the  numerator  on  the 
right-hand  side  of  (93)  is  negative  (while  the  denominator 
is  positive).  Theorem  VII-9  Implies  that  at  equilibrium 
the  airframe  builder's  use  of  each  type  of  labor  under  each 
government  contract  will  have  been  expanded  to  the  point 
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at  which  the  marginal  effectiveness/performance  product  of 
labor,  9.E.  , or  the  rate  at  which  labor  units  can 

be  'transformed  into'  increased  effectiveness/performance, 
just  equals  the  subjective  collective  rate  of  trade  off 
between  net  income  and  effectiveness  (in  each  case  discounted 
and  probability-weighted)  embodied  in  the  right-hand  side  of 
(93).  Because  product  effectiveness/contract  performance 
does  not  appear  in  neoclassical  models  of  the  firm,  (93) 
has  no  counterpart  in  the  neoclassical  theory  of  the  firm. 

The  sixth  set  of  operating  policies  that  are  to  be 
discussed  in  this  section  concern  the  airframe  builder's 
payment  of  mana^Terial  emoluments.  Managerial  emoluments 
paid  at  time  t in  state  of  nature  s must  satisfy  the  necessary 
condition 


3U  3ti  3U.  . S 


3Tr 


(- 


3M 


t , s . A 

■*— ) = 0 . 

t ,s 


(94)  leads  to  the  following  theorem  concerning  the  firm's 
payment  of  managerial  emoluments  when  it  is  in  equilibrium. 
Theorem  VII-10 

When  the  airframe  builder  modeled  in  (37)  is  in 
equilibrium,  it  will  pay  a level  of  managerial  emoluments 
that  equates  the  collective  marginal  rate  of  substitution 
between  net  income  and  managerial  emoluments  to  one  minus 
the  tax  rate. 

Proof 


It  follows  from  (32)  that 


Substituting  (95)  into  (94)  and  rearranging  terms  yields 


= (1-T). 


(96) 


which  is  the  desired  result. 


Q.E.D. 


Note  that  the  marginal  rate  of  substitution  between 
net  income  and  managerial  emoluments  on  the  left-hand  side 
of  (96)  takes  into  account  the  cash  flow  impact  on  discounted 
expected  collective  utility  of  a change  in  net  Income. 

What  theorem  VlI-10  implies,  then,  is  that  the  contractor 
will  have  equated  its  subjective  internal  rate  of  trade  off 
between  managerial  emoluments  and  net  income  to  the  externally 
imposed  rate,  1 - t,  at  which  these  quantities  can  be  traded 
off  when  it  is  in  equilibrium,  and  also,  that  this  subjective 
rate  of  trade  off  takes  into  account  explicitly  the  cash 
flow  impact  of  a change  in  net  income. 

This  subsection  has  discussed  the  optimal  operating 
policies  suggested  by  the  airframe  builder  model  (37) 
developed  in  section  B of  this  chapter.  The  next  subsection 
explores  the  model's  implications  for  the  airframe  builder's 
optimal  financial  policies. 

3.  Optimal  Financial  Policies 

For  the  purposes  of  this  subsection  the  airframe 
builder's  financial  policies  can  be  considered  to  be  of 
two  types:  (i)  issue/ redemption  policies  for  bonds  and 
shares  and  (11)  cash  management  policies.  The  former  may 
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I 

liii 

^91 


be  regarded  collectively  as  the  firm’s  leverage  policy. 

Under  the  assumptions  stated  In  section  B the  firm's  dividend 
policy  Is  taken  as  given,  and  so  Is  not  considered  In  this 
subsection. 

Beginning  with  the  bond  issue/ redemption  policy, 
the  amount  of  bonds  outstanding  at  each  date  and  state, 

, must  satisfy  the  following  necessary  condition: 

3U-  31^4,  R 1 t ® ® 

♦t,s  3^7^  ■^g,f/7,t,s,s'"g,f/7,t+l,s',s 

® t ,s 

The  Issues/redemptions  at  each  date  and  state,  Y , must 

X I s 

satisfy  the  following  necessary  condition: 

1 .t  ? , 

♦t.s  31.  8V  'l*r) 

( 


Solving  (98)  for  Z A-  . , yields 

3 • ^ > ® • s 

s 1 t ® 

,^-^7,t,8,s'"^'**t,s  3-  _^l+r^  ■ ,^/^9,t,s,s' 

8*X  wyS  8X 

and  substituting  (99)  into  (97)  and  solving  for  A^q  ^ ^ yields 


3U,  , . S 

^10,t,s“  "^“^t.s  3ir^  8^^^  ‘‘g,^^^^9,t,s,s''^^ll,t,s,a' 


(100) 


air.  „ au  - s 


■♦‘U.t.s.s')*” 


an^  s S s 

* g,fl^7.t+l,s' .s*"g,fi^ll,t.s,s* 


where  (32)  could  be  used  to  obtain  expressions  for  ait  /aB. 

X I 8 X I 8 

and  37r.  _/aY  In  terms  of  the  partial  derivatives  of 

X I S X I 8 

the  Interest  rate  function  1+  „ “ l^.  e,< 

To  Interpret  (100)  note  that  the  first  term  on 
the  right-hand  side  represents  the  immediate  Impact  on  net 
income  of  a change  In  the  amount  of  debt  outstanding,  while 
the  second  term  on  the  right-hand  side  represents  the  immediate 
impact  of  a change  in  the  rate  of  new  issues/ redempt ions , 
where  the  two  effects  are  related  through  (22)  and  are 
transmitted  through  the  induced  changes  in  the  interest 
rate  given  by  (23).  Moreover,  each  of  these  terms  is  strictly 
positive  since  3it/3B  < 0 and  3it/3Y  < 0,  by  (24)  and  (32), 
and  since  the  expression  { } must  be  strictly  positive 

(as  a result  of  lemma  VI 1-2,  which  is  proved  below).  The 
third  term  on  the  right-hand  side  of  (100)  can  be  interpreted 
as  the  value  of  an  additional  dollar  of  debt  in  terms  of 
reduced  future  needs,  as  can  be  seen  from  (38).  As  such, 
one  would  normally  expect  this  sum  to  be  nonnegative. 

Finally,  the  last  term  on  the  right-hand  side  of  (100) 
can  be  interpreted  as  the  direct  cash  flow  impact  of  an 
additional  dollar  of  new  debt.  Collectively,  the  four 
terms  on  the  right-hand  side  of  (100),  and  hence  ^ ^ 
itself,  can  be  interpreted  as  an  equilibrium  marginal 
cost  of  debt  capital,  where  the  marginal  cost  is  adjusted 
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for  the  impact  of  Increasing  the  current  stock  of  debt  on 
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future  debt  requirements  and  also  on  current  cash  flow. 

Turning  to  share  issue /redemption  policy,  the 
number  of  shares  outstanding  at  each  date  and  state,  n^ 
must  be  such  that  the  following  necessary  condition  is 
satisfied : 


S S S 

g,f^^8,t,8,s'  ' g,f^^8,t+l,s' ,s  ‘**g,f^^9,t,s.s’ 

‘‘•^.i^^ll,t,s,s'  ’ 0 • 


(101) 


The  issues/ redemptions  at  each  date  and  state,  Z.  , must 

L ^ s 

be  such  that  the  following  necessary  condition  is  satisfied: 


S S S 

■ ,^,^8,t,s,s'  ■ '^t,s'  ,^-^9,t,s,s'  ■ '^t,s*  ,f.^ll,t,s,s' 
S *1  S “A  S A 


(102) 


In  addition,  total  stockholders'  equity  at  each  date  and 
state,  E.  , must  be  such  that  the  following  necessary 

w I 8 

condition  is  satisfied: 


S 

^ I9  t s s' 

g * « w , 1. , s , s 


S 

g.^^^9,t+l,s',s  Ho,t,s  “ ° • 


(103) 


Solving  (102)  for  » t yields 

gi„l  0,1, s,s 


S S S 

„.L^8,t,6,s'  * ■’ '^t,s^„,5,^9,t,s,s'  ^ ^,f/ll,t,s,s' 

8 *X  8 *X  8 *X 


Substituting  (104)  into  (101)  yields 


S 


<‘*-''t,s^^g,^^^9,t,s,s'%,f^^ll,t,s,s'>"g,^j^8,t+l,s',s  * 


(104) 


(105) 
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Solving  (105)  tor  I • substituting  into  (103), 

g I , V , S » 8 

and  rearranging  terms  yields 


S 

^10.t,s  * v^*g-cl  g,f^^8,t+l.s',a  g,f^S,t+l.s'. 


S 

+ r X 
s'-l 


(106) 


ll,t,s,s' 


To  interpret  (106)  note  that  the  first  term  on  the 

right-hand  side  can  be  interpreted  as  the  value  of  an 

additional  dollar's  worth  of  newly  issued  shares.  To  see 

this  recall  that,  according  to  (37),  each  new  share  is 

issued  at  the  beginning  of  the  period,  so  that  net  receipts 

for  the  period  are  equal  to  the  price  less  the  dividend, 

Vt  s - Also,  since  Xg  g,  ^ applies  to  the  new  equity 

issue/share  redemption  constraint,  the  effect  of  dividing 
S 

y \ hy  -d  is  to  convert  the  value  measure 

g.il  8,t+l,s' ,s  ^ t,s 

in  terms  of  shares  into  one  in  terms  of  a dollar's  worth 
of  newly  Issued  shares.  The  second  and  third  terms  on  the 
right-hand  side  are  perfectly  analogous  to  the  third  and 
fourth  terms,  respectively,  on  the  right-hand  side  of  (100). 

Similar  to  (100),  then,  ^io,t,s  ^® 

interpreted  as  the  equilibrium  marginal  cost  of  external 
equity  capital,  where  the  marginal  cost  is  adjusted  for 
the  impact  of  increasing  the  current  stock  of  externally 
raised  equity  on  future  external  equity  requirements  and  also 
on  current  cash  flow. 

The  equilibrium  conditions  (100)  and  (106)  lead  to 
the  following  theorem. 
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Theorem  VII-11 


In  equilibrium  the  airframe  builder  will  have  adjusted 


its  capital  structure  so  that  the  marginal  cost  of  debt 


equals  the  marginal  cost  of  external  equity 


Proof 


Equate  (100)  and  (106) 


The  importance  of  theorem  VII-11  is  that  * 

lO.t.s 

can  be  interpreted  as  the  airframe  builder's  marginal  cost 
of  capital  (from  either  external  source). 


In  view  of  the  results  obtained  in  the  previous 


subsection,  a question  arises  concerning  the  relationship 


between  the  two  costs  of  capital,  ^5^3  “■“d  Aj^q  ^ where 
it  should  be  recalled  that  each  is  probability-weighted 


(by  the  probability  that  state  s obtains  at  time  t,  g) 
and  discounted  (by  (t^)^)  since  the  units  in  which  each 


is  measured  must  be  consistent  with  the  units  in  which  the 


objective  functional  in  (37)  is  measured.  As  described 
below,  the  relationship  between  the  discounted  expected 


values  r A,rt  . and  T A-  „ is  analogous  to  the 
s-1  s»l 

relationship  between  t’ae  Interest  rate  r and  the  cost  of 


capital  i - rq  + (l-T)q^  - q in  the  deterministic  multi 
period  model  of  the  firm  discussed  in  chapter  three  of 


this  thesis 


First,  rewrite  the  expression  (62)  for  the  firm's 


marginal  cost  of  physical  capital  as 


(107) 
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5 


S **l 

■^T^^S,^lH,t  + 1.8*,S^  • 
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Next,  8uiwning  each  side  of  (60)  over  s,  it  follows  that 


S ^ S 


S 


^/i^^s.^/l.t+l.s',8  “ g.^j^ll.t+l.s's‘»t+l,s  • 


(108) 


Then  siunmiag  each  side  of  (107)  over  s and  substituting  using 

(108)  gives 

S S 

Z X, 


g^^'S.t.s^^^^lO.t.s'^lt.s 


'""l  , 1 .t  S 


(109) 


+ ^ ^t  s Tii ^ ^^9  t s s' 

s»l  ’ **  t,s  s'»l 

8 S S 

8«1^  ^ S'»l  gif2^^11.t,S,8'‘*t,S^ 

^^1  1 t ® 

j^^^l0,t,s*^t,s‘^^^t,8  "s.^l^^S.t.s.s' 

ll.t.8.8'^^^^“^^‘*t.8**'^g,^j^ll,t.S,S'‘»t,S 


+X 


s 

"8,f/ll.t  + l,8’,8‘*t  + l,8^^ 


Comparing  (109)  with  i ■ rq  + (1-T)q6  - q,  the  firnt  term 

in  (109)  is  analogous  to  rq,  with  the  firm's  cost  of 

financial  capital,  X<^  f.  , playing  a role  analogous  to  the 

interest  rate,  r,  in  the  deterministic  case.  The  second  and 

third  terms  in  (109)  are  analogous  to  (1-T)q6  and  -q, 
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respectively 9 In  the  deterministic  case*  This  analogy 


o 


1106 


is  brought  out  further  in  theorem  VI 1-12. 

(109)  characterizes  the  equilibrium  position  of 
the  representative  airframe  builder  modeled  in  (37)  with 
regard  to  investment.  This  result  is  stated  formally  as 
the  following  theorem. 

Theorem  VI 1-12 

In  equilibrium  the  representative  airframe  builder 

modeled  in  (37)  will  have  carried  investment  in  contractor- 

furnished  capital  in  each  period  t up  to  the  point  at  which 

the  expected  marginal  value  of  an  additional  unit  of  physical 
S 

capital  at  t,  ^ Ac  * . just  equals  the  expected  cost  of 

o,t,s  g 

the  required  financial  capital,  Z ^ gq^  g,  plus  the 
expected  cost  Implied  by  the  increased  depreciation  (net 


S ^^1  1 t S 

of  tax).  ■ g,f/^9.t.s.s'‘'Hl.t,s.s'^^’‘ 

(l-T)q,.  *6,  less  the  expected  cash  flow  impact  of  changing 

S S 

capital  goods  prices.  ! (-!){  , ^/ii,t+l,s’ .s^^t+l.s 
S s*l  s *1 

■ g,^j^ll,t,s,s'‘*t,s^' 

Rewriting  (109)  as  (110)  suggests  the  following 
investment  criterion  for  each  date  t and  state  s. 

Corollary  VII-12-1 

A sufficient  condition  for  meeting  the  criterion  for 
optimal  investment  in  contractor-furnished  capital  at  time  t 
in  state  of  nature  s is  the  following:  the  contractor  should 
expand  investment  until  the  point  at  which  the  marginal  value 
of  an  additional  unit  of  physical  capital  at  t in  s, 

^ > Just  equals  the  marginal  cost  of  the  required 

D.t.S 

financial  capital,  ^io,t  .s’^^t.s’ 


3Ui  1 t ® 

depreciation  g ■jTf—(Y^)  - (^9,t,8.s’‘*‘^ll.t,s,s 

V I 6 S * i 

(l-T)q^  _5 , less  the  expected  Impact  of  changing  capital 

Z p6 


, ) }>< 
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s s 

goods  prices,  j^ll.ttl.s' .a«t«.s^ 

or  In  equation  form, 

1 t ® 

^5,t,s  “ ^lO.t.s^t.s'^^^t.s  3¥~^T+r^ 

V I 8 S 


* *ll,t,s,s'»<l-)-t,s‘  - ‘^,f>,t,s,s’'‘t,s 


s 

Z X 
s'-l 


ll,t+l,s' ,s‘*t+l,s'^  • 


Proof 

For  given  period  t,  if  (111)  holds  for  each  possible 
state  of  nature  s at  t , then  (110)  follows  by  summing  each 
side  of  (111)  over  s.  But  since  (110)  is  Identically  equal 
to  (109),  the  conclusion  follows.  Q.E.D. 

(109)  also  suggests  the  following  Important  result. 
Corollary  VI 1-12-2 

If  is  strictly  concave;  if  3*1/35*  > 0 and 
3*i/3B3Y  > 0;  and  if  the  direct  effect  of  substituting 
debt  for  equity  in  the  firm's  capital  structure. 


3U 


1 / 1 xt 


^♦t,S  ■ g,5i^^9,t,8,8'‘^Hl,t,S,8 


.)} 


c- 


3B* 


3*U 


, ^®t,8®n,8  37t.  ^* 

t,S  ’ ’ t,8 


3it^  _ 3ir^.  „ 3ir^ 

exceeds  in  absolute  value  the  indirect  effect,  Z,  which 
is  defined  below,  then  substituting  debt  for  equity  in 
the  firm's  equilibrium  capital  structure  at  time  t in 
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state  of  nature  s will  cause  Its  cost  of  financial  capital, 


( 


4.  > to  increase,  and  under  such  circumstances  it  may  be 

concluded  that  the  investment  decision  of  the  representative 
airframe  builder  modeled  in  (37)  is  not  independent  of  its 
financial  policy  choices. 

Proof 

Consider  the  effect  on  ^ g changes  dB  and 
dE  in  the  amounts  of  outstanding  debt  and  equity  that  are 
equal  in  magnitude  but  opposite  in  sign.  That  is,  d£  >>  -dB, 
but  where  dB  > 0 when  debt  is  substituted  for  equity.  If 
the  firm's  investment  decision  were  independent  of  its 
financial  policy  choices,  then  A^^  ^ ^ should  remain  constant 
as  debt  is  substituted  for  equity  (and  vice  versa)  in  the 
firm's  capital  structure. 

From  (100)  and  (106),  the  change  in  the  firm's 
financial  cost  of  capital  in  response  to  a change  in  its 
capital  structure  can  be  expressed  as 


^^1  1 t ® 


‘*^10,t,s"  ■^♦t,s  "g,^j''‘9,t,s,s'"''ll,t,s,s 


.)}  = 


dB 


t s 3^U.  . ^ S dAg  t s s ' 

M <“t.s  -‘n,. 


t,s 


t,s 


dA-,  . , dir.  dU,  , . 

* -<n,s 


d»ir 


%,fl‘*9,t,8.s'**U,t,s.s'»9Bt  33T,  , “t.s 

3^Ul  1 A S t S s'  t S 8 ' <1 
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(112) 


/ ^ ^ ^ f ^ > — ^dB  + L ^ ' t+1 , S , S ._ 

‘»B.  dB,,,  ““t.s 


t ,s 
S dX 


11 , t , s, s * 


+ Z 

s’«l  '“'t.s 
S dX 


dB 


- Z 
s'=l 


■ {(j) 

c- 


dB 

9 , t+1 . s ’ , s 



t,s  V.  -d  , - 
’ t ,s  s ' =1 


S dXjj  . , 

I 8,t-»-l,s*  .s  dB 


dE 


t,s 


dB 


t,s 


t ,s 


® *^^11  t s s' 


s ’ =1 


d£ 


t , s 


t,s 


3Ui  j S 

-(i^)  - 5;  (X, 


,t+^1 


t,s  3ir^  g 1+r'^  s'=l'^  9,t,s,s'  ll,t,s,s 

3^Tr*  _ 3*Tr^  „ 

3B 

97r^  _ dti^  _ Stt 


.)} 


t.s  ___tjS  .f.  "1  . 1 .ti 

t , s t ,s  t , s 


I , 


where  Z in  (113)  denotes  the  grand  sum  of  all  the  terms  in 
(112)  that  contain  rates  of  change  of  Lagrange  multipliers. 
But  it  follows  from  (24)  and  the  stated  assumptions  that 
the  first  term  in  (113)  is  strictly  positive  since 


3^tt 

3B^ 

3*11 


^ ( i li  RN  . 9 ii 

3B  3B 


3*i 

3B* 


< 0 


t ,s 


(113) 


^ i_r  li  Rw  li  R < O 

3B3Y  3B^"  3Y  ''  " 3Y  " 3B3Y  * 

The  second  term  in  (113)  is  also  strictly  positive  by  (24) 
and  by  the  assumed  strict  concavity  of  U^.  While  the  sign 
and  magnitude  of  Z are  Indeterminate  in  general,  under  the 
stated  assumption  that  the  direct  effect  outweighs  the  Indirect 
effect,  dXj^Q  g ^ 0*  Thus,  by  (109),  the  firm's  cost  of 
physical  capital,  and  hence  its  investment  decision,  is 
affected  by  the  change  in  the  firm's  capital  structure.  Q.E.D. 
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The  significance  of  corollary  VII-12-2  is  that 

it  states  conditions  sufficient  to  ensure  that  the  separability 

57 

theorems  do  not  apply  to  the  firm  modeled  in  (37).  The 
contractor's  investment  decision  is  not,  under  the  conditions 
stated  in  the  corollary,  independent  of  its  financial 
policies  - and  in  particular,  of  its  choice  of  capital 
structure  - and  there  exists  an  optimum  debt-equity  ratio, 
s^"t  s*'^t  s’  necessary  for  discounted  expected 

collective  utility  to  be  maximized. 

Turning  next  to  the  airframe  builder's  cash  manage- 
ment policy,  the  amount  of  precautionary  and  speculative  cash 

A 

balances  at  time  t in  state  of  nature  s,  C.  , must  be  such 

W I s 

that  the  following  necessary  conditions  are  satisfied; 


S 

■^10,t,s  g,f^^ll,t,s,s' 


S 

,^/ll,t+l,s'  ,s  * ^12,t,s 

S * A 


(114) 


^12,t,s^t,s  “ ° 


Ct,s^O 


'l2.t,s  > 0 


(115) 


It  follows  from  (115)  that  two  cases  need  to  be  considered; 


case  (t): 


In  this  case  the  optimal  stock  of  precautionary 
cash  balances  at  time  t in  state  s is  zero  since,  by  (115), 

A 

^io  * ^ ® implies  - 0.  It  follows  from  (114)  that 

vfS 


s 

10.t,s  ll,t,s,s' 


S 

g.^^^ll,t+l,s's  ^ 


0 . 


(116) 


This  suggests  the  following  theorem: 

Theorem  VI 1-13 

During  time  periods  t and  states  of  nature  s when 
precautionary  cash  balances  are  zero,  the  airframe  builder's 


1111 


commercial  output  decisions  are  constrained,  and  in  particular, 
output  levels  tend  to  be  restricted,  by  the  Impact  a change 
in  the  level  of  output  of  either  commercial  product  would 
have  on  the  firm's  transactions  balance  and  working  capital 
requirements. 

Proo  f 


It  follows  from  (18),  (20),  and  (116)  that  the 
third  term  on  the  left-hand  side  of  equation  (76)  is  strictly 


negative , 


3C 


■^^10,t,s~’^g,^^^ll,t,s,s'~g,^^^ll,t+l,s’ 


^^t  s 

^ FQ  > " ° ' 
‘’k^t,s 


(117) 


so  that  the  equilibrium  condition  that  commercial  output 
levels  must  satisfy  is  not  independent  of  the  transactions 
balance  and  working  capital  requirements  associated  with 
an  incremental  change  in  one  or  both  commercial  output 
levels.  Moreover,  it  follows  from  (66)  and  the  standard 
assumption  that  the  implicit  production  function  Fj^  is 
written  so  that  s ^ ^ ^^k^^k^t,s  ^ ^ that 

< 0 and 

*ll<5V*kSt,s)  ‘ 0 • 


It  follows  from  (117)  and  (118)  that  the  sum  of  the  first 
two  terms  in  (76)  is  strictly  positive. 


3U.  1 t t s ^^1  1 t 


3tt 


(119) 


,^^^^9,t.s,s'^''ll,t,s,s' 


, 1 


) i ^ ‘ ^ > 0 

• ^ ^ a o •»  u . 
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It  remains  to  be  shown  that  (119)  Implies  that  output  is 

restricted.  First  note  that  if  the  commercial  output  decision 

were  Independent  of  the  transactions  balance  and  working 

capital  requirements  associated  with  an  Incremental  change 

in  output,  (119)  would  still  hold  at  optimality,  though  in 

light  of  (117),  the  quantity  on  the  left-hand  side  of  (119) 

58 

would  be  smaller  in  magnitude.  Thus,  it  needs  to  be  shown 
that  the  magnitude  of  the  expression  on  the  left-hand  side 
of  (119)  decreases  with  increasing  output.  But  this  follows 
directly  from  (32)  and  the  assumed  concavity  of  and  of 


case  (ii):  C.  > 0. 

t > s 

In  this  case  the  optimal  stock  of  precautionary 
cash  balances  at  time  t in  state  s is  strictly  positive, 
and  by  (114),  “ 0-  It  follows  from  (114)  that 

the  inequalities  in  (116)  and  (117)  must  be  replaced  by 
equalities,  which  leads  to  the  following  corollary  to  the 
theorem  Just  proved. 

Corollary  VII-13-1 

If  precautiona-. y cash  balances  are  strictly  positive 
at  time  t in  state  of  r..*ture  s,  then  the  airframe  builder's 
commercial  output  decisions,  g,  k » R,  N,  can  be  made 

independently  of  the  transactions  balance  and  working  capital 
requirements  associated  with  an  incremental  change  in  the 
level  of  output  of  either  good. 

Proof 

Follows  directly  from  (117)  with  equality  in  place 
•f  tswquallty  and  (76).  Q.E.D. 
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It  should  be  noted  that  even  if  the  airframe  builder 
need  not  consider  explicitly  the  transactions  balance  and 
working  capital  requirements  in  making  its  commercial  out- 
put decisions,  these  output  decisions  are  still  not,  in 
general,  completely  independent  of  all  financial  considerations. 
This  is  a consequence  of  the  next  lemma. 

Lemma  VI 1-2 


If 


^V^^GA.t, 


- ^^■'^^^ri-3)CY’(C)-C+Y(C)] 


(90) 


holds  when  the  airframe  builder  modeled  in  (37)  is  in 
equilibrium,  then 


S 

iL  ^^9,t,s,s' 

S 


^ll,t,s,s'^ 


< 0 


(120) 


Proof 

Follows  directly  from  (91)  and  (92)  demonstrated  in 
the  proof  of  lemma  VII-1  and  from  (46)  demonstrated  in  the 
proof  of  theorem  VI 1-2.  Q.E.D. 

Necessary  conditions  (114)  and  (115)  also  lead  to 
the  following  important  theorem  that  characterizes  the 
contractor’s  decision  as  to  whether  or  not  to  maintain 
precautionary  cash  balances  at  time  t in  state  of  nature  s. 
Theorem  VI 1-14 

For  any  period  t and  state  of  nature  s,  the  equilibrium 
expected  value  (in  terms  of  discounted  collective  utility) 
of  additional  cash  balances  at  t in  o contingent  upon  s' 
at  t - 1 less  the  equilibrium  expected  value  of  additional 
cash  balances  at  t in  s contingent  upon  s'  at  t + 1, 
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(121) 


S S 

g,f/ll.t,S,S'  ■ .S 


will  never  exceed  the  firm's  equilibrium  marginal  cost  of 

external  capital,  ^ g.  Moreover,  if  the  difference  of 

expected  values  is  strictly  less  than  the  firm's  equilibrium 

marginal  cost  of  external  capital  for  any  date  and  state 

(t,  s),  then  the  firm's  optimal  level  of  precautionary  cash 

balances  for  that  date  and  state  is  zero,  i.e.  = 0. 

X , s 

Remark 


The  expression  (121)  can  be  interpreted  as  the  net 

marginal  value  of  an  additional  dollar  of  cash  balances  at 

time  t in  state  of  nature  s,  where  the  net  marginal  value 

is  computed  as  a difference  of  expected  values.  The  first 
S 

of  these,  ^ + o o*  expected  marginal  value  of 

g I — ^ f L , sS  , o 

additional  cash  balances  at  t in  s contingent  upon  s'  at  t - 1, 

where  the  expectation  is  taken  over  states  in  the  previous 

S 

period.  The  second  expectation  £ g,  g,  is  interpreted 

s * 1 

similarly,  although  the  expectation  is  taken  over  states  in 
the  following  period.  As  indicated  by  (121),  the  firm's 
cash  policy  is  very  much  dependent  on  Intertemporal 
conslderat ions . 

Proof 

The  first  statement  follows  directly  from  (114)  and 
(115),  i.e. 

g,^^^ll,t,s,s'  ■ g,^^^ll,t+l,s' ,s  - ^10,t,s  ^^22) 

for  all  t and  s. 

The  second  statement  also  follows  directly  from 
(114)  and  (115)  since  strict  Inequality  in  (122)  Implies 
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> 0,  which  Implies  C. 


0 by  (115). 


Q.E.D. 


^12.t,s 


t,s 


The  importance  of  theorem  VI 1-14  is  that  it  links 
the  firm's  decision  whether  to  maintain  precautionary  cash 
balances  to  the  firm's  cost  of  external  capital.  When  the 
marginal  value  of  cash  balances  is  less  than  the  marginal 
cost  of  external  capital,  precautionary  cash  balances  are 
zero.  If  the  value  of  precautionary  cash  balances  should 

A 

exceed  ^ for  some  values  of  C.  , then  the  contractor 
iU  y b I S t , s 

will  expand  its  holdings  of  precautionary  cash  balances  up 
to  the  point  at  which  the  marginal  value  of  additional  cash 
balances  at  time  t in  state  s,  which  is  given  by  (121), 
just  equals  the  firm's  marginal  cost  of  external  capital. 


^10,t,s- 

Corollary  VI 1-14-1 

If  in  any  period  t and  state  s the  contractor  will 
hold  nonzero  precautionary  cash  balances  in  equilibrium, 
then  the  marginal  value  of  cash  balances  will  equal  the 
firm's  marginal  cost  of  external  capital  at  that  date  and 
state. 

Proof 

It  follows  from  (114)  and  (115)  that  > 0 

V f O 

Implies  equality  in  (122).  Q.E.D. 

Theorem  VI 1-15 

When  the  airframe  builder  modeled  in  (37)  is  in 
equilibrium,  then  for  each  period  t and  state  s for  which 
the  optimal  stock  of  precautionary  cash  balances  is  nonzero, 
the  airframe  builder  will  produce  more  of  each  commercial 
output,  ,,Q^  , than  a short  run  profit  maximizer  would, 

K V f 8 


j 
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W » V *•  , . 

i.e.  ^ — T > -5— 5-* — so  that  marginal  production 

^k^^t.s/^k^  t.s 

cost  exceeds  marginal  revenue  at  optimality.  For  each  period 
t and  state  s for  which  the  optimal  stock  of  precautionary 
cash  balances  is  zero,  the  airframe  builder  will  also 
produce  more  of  each  commercial  output  than  a short  run  profit 
maximizer  would,  although  in  this  case  it  is  marginal 
production  cost  adjusted  for  the  marginal  impact  of  a change 
in  output  on  transactions  balance  and  working  capital  require- 
ments that  exceeds  marginal  revenue  at  optimality. 

Proof 

First  note  that  it  follows  from  lemma  VII-1  and 


dR 


I 


theorem  VI 1-2  and  from  necessary  condition  (40)  that 


X ^ S S 


It  is  shown  below  that  the  use  of  (123),  rather  than  lemma 
VI 1-2,  leads  to  a more  general  result  as  it  does  not  require 
the  assumption  that  (120)  holds  at  optimality. 

To  prove  the  first  statement,  it  follows  from  (114) 

that 


S 


S 
Z X, 


* Ho,t,s  g,f^^lL.,t,s,s'  " g,:^''ll,t+l,s' ,s 


0 . (124) 


Substituting  (124)  into  (83)  yields 
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(l-T)W 


1 


3ir 


3kQt,s/3k^%.s 


t^ 


^k^t , s 


dU 


{♦ 


1 xt 


t,S  .8.8''*'^ll,t  ,8,8 


,)> 
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(125) 


It  follows  from  (32)  that 


^^t  s t s 


(126) 


Substituting  (126)  into  (125)  and  rearranging  terms  yields 

w. 


LL 


t,s 


t s t s 

^ + a)  > v-g*-'-  , 

‘^k^t.s  ‘'k^t.s 


(127) 


where 


3U 


o - 


s Bn 


1 t ® 

^ (t^)  - J:  (1 


> 0 (128) 


.+li 


t g"l+r'  s'=l 


,.)} 


follows  from  (123).  (Note  that  (128)  could  have  been 
obtained  by  invoking  lemma  VI 1-2,  but  at  the  cost  of  obtaining 
a weaker  result).  Thus  the  first  statement  has  been  proved. 

To  prove  the  second  statement,  it  follows  from 
(114)  and  (115)  that 

S 


‘ ^10,t,s  g,fj^^ll,t,s,s' 


^,^j^Hl,t+l,S',8  - ° 


(129) 


It  follows  from  (18),  (20),  (123),  (129),  and  the  assumed 
concavity  of  that  the  third  term  on  the  right-hand  side 
of  (83)  is  negative.  Kewrite  (83)  as 


Hi— 

’kSt.s/V 


+ 6 


^k^t,8 


1 t 


^***t,83lt^  8^^'*'*’^  J^^^9,t,s,s''^^ll,t,s,s' 

(130) 
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where 


( 


1 


( 


S S 


'^1  r~t  ^ 

r (Ac 


,.)> 


3C^  3V^ 

( — ?-i  ^ + — Ll®_)  > 0 


(131) 


is  Interpretable  as  the  adjustment  to  marginal  production  cost 
required  to  take  into  account  the  impact  of  a change  in  output 
on  transactions  balance  and  working  capital  requirements. 
Proceeding  from  (130)  in  the  same  manner  as  in  the  proof  of 
the  first  statement  leads  to  the  inequality 




k^t,s'  k t,s 


t s ^^1  t s 

^k^t.s  ^k^t,s 


(132) 


where  a is  again  given  by  (128).  This  proves  the  second 
statement.  Q.E.D. 

Corollary  VII-15-1 

The  airframe  builder  modeled  in  (37)  exhibits  a 
revenue  bias  in  the  sense  that  commercial  production  is 
carried  beyond  the  short  run  profit  maximizing  levels  and 
the  application  of  labor  under  government  contracts  is 
carried  beyond  short  run  profit  maximizing  levels. 

Proof 

Theorems  VII-2  and  VII-15.  Q.E.D. 


The  Importance  of  theorem  VII-15  is  twofold  in  nature. 
First,  the  theorem  demonstrates  that  the  airframe  builder 
tends  to  produce  more  of  each  commercial  good  than  a short 
run  profit  maximizer  would  - a result  that  is  consistent 


i 


I 

I 


t 


t 
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with  the  mode  of  behavior  exhibited  by  the  firm  modeled  in 

chapters  three,  four,  and  five  of  this  thesis.  As  indicated 

in  corollary  VI 1-15-1,  this  behavior  is  also  consistent  with 

behavior  exhibited  under  government  contracts. 

Second,  theorem  VI 1-15  demonstrates  the  importance 

of  transactions  balance  and  working  capital  requirements  on 

the  airframe  builder's  commercial  output  decisions  - a 

result  similar  to  one  obtained  in  chapter  four  of  this  thesis 

and  also  similar  to  results  obtained  from  the  Vickers  model 
60 

of  the  firm.  More  importantly,  (131)  suggests  the  general 

form  of  the  required  adjustment  to  marginal  production  cost, 

and  in  particular,  the  importance  of  equity  considerations 

^ 1 ) and  balance  sheet  considerations  (1,^  _)  as 

^ ^ I y S I S y ^ s 

well  as  considerations  as  to  the  direct  impact  on  cash  flow 

Together  (130)  and  (131) 

indicate  the  interdependence  of  operating  policies  and 
financial  policies. 

Theorems  VII-13  and  VII-15  suggest  that  the 
representative  airframe  builder's  commercial  output  decisions 
are  not , in  general , independent  of  its  cash  management 
policy.  In  addition,  since  ^ ^ was  shown  in  corollary 
VII-12-2  to  be  sensitive  to  the  firm's  choice  rf  capital 
structure  (at  least  under  the  conditions  specified  in  the 
corollary),  it  follows  from  (83),  (114),  and  (115)  that  when 
the  optimal  level  of  precautionary  cash  balances  at  time  t 
and  state  s is  zero,  the  representative  airframe  builder's 
commercial  output  decisions  are  also  sensitive  to  changes  in 
the  firm's  capital  structure: 
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Corollary  VII-15-2 

When  the  optimal  level  of  precautionary  cash 

A 

balances  Is  zero,  C.  * 0,  and  when  the  conditions 

t , s 

specified  In  corollary  VII-12-2  are  satisfied,  the  commercial 
output  decisions  of  the  representative  airframe  builder 
modeled  In  (37)  are  not  Independent  of  the  firm's  choice 
of  capital  structure. 

4 . Summary 

This  section  has  explored  the  Implications  of  the 
model  of  the  representative  airframe  builder  developed  In 
section  B for  the  representative  airframe  builder's  optimal 
operating  policies  and  optimal  financial  policies. 

The  main  results  generated  In  this  section  Include 
optimality  rules  for  allocating  labor  to  work  under 
government  contracts  (theorem  VII-1  plus  corollaries)  and 
to  work  on  coimnercial  production  (theorem  VI 1-3  plus 
corollaries);  for  allocating  contractor-furnished  capital 
to  government  contracts  and  commercial  production  (theorem 
VII-4  plus  corollaries);  for  combining  contractor-furnished 
capital  and  government- Jurnished  capital  under  government 
contracts  (theorem  Vll-f  plus  corollaries);  for  allocating 
commercial  production  (theorem  VII-6)  and  for  determining 
effectiveness/performance  levels  under  government  contracts 
(theorem  VI 1-8),  each  across  dates  and  states;  and  for 
allocating  labor  to  government  contracts  in  accordance  with 
effectiveness/performance  goals  (theorem  VII-9).  In  addition, 
rules  were  developed  for  establishing  the  optimal  levels 
of  commercial  outputs  (theorem  VI 1-7)  and  managerial  emoluments 
(theorem  VII-10).  It  was  shown  that  the  representative 
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airframe  builder  modeled  In  (37)  tends  to  allocate  more 
labor  to  each  government  contract  than  a short  run  profit 
maximizer  (theorem  VI 1-2)  and  also  tends  to  produce  more 
of  each  of  Its  commercial  products  than  a short  run  profit 
maximizer  (theorem  VI 1-15),  In  each  case  with  the  Intention 
of  achieving  a higher  level  of  discounted  expected  collective 
utility  by  sacrificing  a portion  of  maximum  possible  profit 
In  order  to  Increase  total  revenue.  It  was  also  shown  that, 
when  the  airframe  builder  modeled  In  (37)  is  in  equilibrium, 
the  marginal  cost  of  debt  capital  equals  the  marginal  cost 
of  external  equity  capital  (theorem  VII-11);  that  the 
expected  marginal  value  of  an  additional  unit  of  physical 
capital  at  each  time  t Just  equals  the  firm's  expected 
marginal  cost  of  financial  capital  at  t,  plus  the  expected 

I 

cost  (net  of  tax)  implied  by  the  increased  depreciation 
expense  at  t,  less  the  expected  cash  flow  Impact  of  changing 
capital  goods  prices  (theorem  VII-12);  and  that  financial 
considerations  can  affect  the  airframe  builder's  commercial 
output  decisions  (theorems  VI 1-13  and  VI 1-15  and  corollaries 
VII-12-2  and  VII-15-2). 

The  results  obtained  in  this  section  concerning  the 
relationship  between  the  representative  airfrare  builder's 
operating  (l.e.  output  and  Investment)  decisions  and  Its 
financial  policy  decisions  deserve  additional  emphasis. 

It  was  shown  that,  In  general,  the  representative  airframe 
builder's  Investment  decision  is  not  Independent  of  Its 
choice  of  capital  structure  (corollary  VII-12-2);  that  its 
commercial  output  decisions  are  not,  In  general,  independent 
of  Its  cash  management  policy  (theorems  VII-13  and  VII-15); 
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and  that  its  conmercial  output  decisions  are  also  not,  in 
general,  independent  of  its  choice  of  capital  structure 
(corollary  VI 1-15-2).  These  results  are  important  because 
they  specify  conditions  under  which  the  representative 
airframe  builder's  operating  decisions  are  not  separable 
from  its  financial  decisions. 

Since  the  model  developed  in  section  B was  able  to 
exclude  progress  payments  by  assuming  that  cash  flow  from 
the  government  to  the  contractor  matched  perfectly  the 
recognition  of  revenue  and  fees  by  the  contractor,  the 
results  Just  summarized  are  subject  to  that  qualification. 
However,  as  demonstrated  in  the  next  section,  the  qualitative 
results  obtained  in  this  section  are  not  materially  affected 
when  progress  payments  are  incorporated  into  the  model. 

What  does  happen  is  that  financial  restrictions  on  the 
airframe  builder's  behavior  tend  to  become  more  severe, 
thereby  affecting  the  alrframa  builder's  operating  policies 
to  an  extent  greater  than  that  implied  in  this  section. 

D.  THE  POLICY  IMPLICATIONS  OF  PROGRESS  PAYMENTS 

In  the  preceding  section  the  optimal  operating  and 
financial  policies  of  the  representative  airframe  builder 
were  derived  for  the  special  case  in  which  separate  contracts 
are  awarded  on  an  annual  basis  so  that  progress  payments  are 
unnecessary.  Under  such  a procurement  policy  contractors 
would  be  compensated  in  full  for  all  allowable  costs  and 
paid  an  annual  fee,  so  that  the  flow  of  cash  from  the 
government  to  the  contractor  would  match  perfectly  the 


i 
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recognition  of  revenue  and  profit  by  the  contractor. 


In  this  section  the  model  of  a representative  airframe 
builder  developed  in  section  B is  modified  to  incorporate 
progress  payments.  This  second  version  of  the  model  is 
the  more  'realistic'  version  in  that  it  is  more  consistent 
with  current  government  procurement  policy.  By  comparing 
the  optimal  operating  and  financial  policies  implied  by  the 
two  versions  of  the  model,  conclusions  can  be  drawn  concerning 
the  impact  on  contractor  behavior  of  the  policy  of  granting 
progress  payments  to  cover  some  fraction  of  allowable  costs. 
This  is  done  later  in  this  section. 

Progress  payments,  which  are  payments  to  the  contractor 

for  work  in  process  and  which  are  calculated  as  a percentage 

of  costs  already  incurred,  serve  an  important  financial 

function.  Progress  payments  serve  as  an  important  source 

of  short  term  finance,  much  like  an  interest-free  loan, 

without  which  the  contractor  would  have  to  Increase  bank 

borrowing  or  issue  additional  bonds  or  shares.  To  incorporate 

progress  payments  into  the  model  developed  in  section  B 

it  is  assumed  that  during  the  course  of  a production  contract 

the  airframe  builder  is  compensated  on  an  annual  basis  for 

61 

a proportion  p of  its  allowable  costs,  but  the  fee  is 
not  paid  until  the  entire  contract  has  been  completed. 

The  focal  point  of  this  section  is  the  imperfect  matching 
of  cash  Inflows  and  cash  outflows  under  government 
contracts  caused  by  the  government's  progress  payments  policy. 

The  first  subsection  modifies  the  model  developed  in 
section  B to  incorporate  progress  payments.  The  second 
subsection  derives  the  representative  airframe  builder's 


f 


optimal  operating  and  financial  policies,  as  implied  by  the 
modified  model.  The  third  subsection  summarizes  the  i.mpact 
on  the  behavior  of  the  representative  airframe  builder  of 
the  current  progress  payments  policy. 

1.  The  Airframe  Builder  Model  with  Progress  Payments 

The  introduction  of  progress  payments  into  the  model 
developed  in  section  B requires  several  basic  modifications 
of  that  model.  First,  progress  payments  cover  only  a portion, 

0 <p  <1,  of  allowable  costs.  Second,  the  fee  is  paid  only 
upon  completion  of  the  entire  contract.  Thus,  while  the 
contractor  typically  recognizes  the  full  amount  of  allowable 
costs  plus  a pro  rata  portion  of  the  fee  as  annual  revenue 
under  ongoing  production  contracts,  the  amount  of  cash 
received  from  the  government  in  the  form  of  progress  payments 
is  usually  a significantly  smaller  amount,  with  the  differences 
accruing  in  accounts  receivable  until  the  entire  contract 
has  been  completed. 

The  introduction  of  progress  payments  into  the 

model  requires  that  greater  attention  be  paid  to  the  time 

phasing  of  the  various  production  contracts.  In  this 

section  it  is  assunied  that  all  production  contracts  are 

of  the  multiyear  variety.  For  convenience  it  is  assumed 

that  contracts  on  which  the  firm  Intends  to  bid  during 

the  planning  period  will  not  (or  at  least  are  not  expected 

to)  terminate  until  after  the  planning  horizon  t * T. 

At  time  zero  there  are  one  or  more  production  contracts 

in  force,  each  with  exogenously  determined  total  contract 

target  cost  ^C*^,  target  proportionate  fee,  *nd  sharing 

ratio,  0 . For  each  time  t and  for  each  new  production 
c o 
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contract  on  which  the  firm  Intends  to  bid  at  time  t there 
is  a target  cost,  _C*^  , which  is  interpreted  as  in 

section  B as  the  maximum  bid  that  will  secure  for  the  firm 
contract  c in  state  of  nature  s (where  the  states  of  nature 
take  into  account  the  bids  of  the  firm's  competitors).  In 
addition,  there  is  a proportionate  target  fee  a.  and 

C L I S 

a sharing  ratio  6^  • That  is,  the  values  of  the  production 

C X f s 

contract  parameters  „a  and  „ are  determined  either 
as  of  time  t = 0 or  at  the  time  of  bidding,  rather  than 
annually  as  in  section  B. 

Research  and  development  contracts  are  treated  in 
this  section  in  the  same  manner  in  which  they  were  handled 
in  section  B.  For  these  contracts  total  revenue  earned  is 
again  given  by  (10)  and  the  fee  net  of  disallowed  costs  is 
again  given  by  (11).  That  is,  it  is  assumed  that  all  research 
and  development  contracts  are  written  on  an  annual  basis. 
Therefore  the  introduction  of  progress  payments  affects 
only  the  treatment  of  production  contracts. 

Because  of  progress  payments  the  expression  (12) 
for  total  revenue  earned  under  a production  contract  must 
be  modified.  In  particular,  the  year  of  completion  must 
be  clearly  distinguished  from  the  earlier  yearc  of  the 
contract.  For  an  arbitrarily  selected  pretermination  year 
of  a production  contract,  the  contractor  recognizes  as 
revenue  the  amount  of  allowable  costs  plus  a pro  rata  portion 
of  the  anticipated  total  contract  fee,  a • .C*  for 
contracts  that  were  ongoing  at  t - 0 or  ^ ^ 

for  contracts  secured  at  time  t > 0.  The  pro  rata  portion 
is  assumed  to  be  figured  as  the  ratio  of  physical  output 


1126 


I 


r 


I 


( 


! 


I 


[ 

i 


!■ 


in  the  current  year,  Q.  , to  the  total  volume  of  physical 

c V I s 

output  specified  in  the  contract,  _Q*  for  contracts  that 

c o 

were  ongoing  at  t = 0 or  _Q*^  _ for  contracts  secured  at 

C t I 9 

time  t > 0,  For  a pretermination  year  total  revenue  is 
given  by 


R 


t,s  ” c^t , s^c^t , s^ ’c^t , s * ^c^t ,s^c^*t , S^ *c“t ,s’c^*t ,1 


(133) 


where  _ = _Q*_,  _a.  _ = and  .C*^  _ = _C*  all 

c^  t,s  c o’ct.s  CO  c t,s  c o 

hold  for  contracts  that  are  ongoing  at  t ■ 0. 

For  the  termination  year  (133)  needs  to  be  adjusted. 
Up  to  and  Including  the  termination  year  the  contractor  has 
recognized  the  total  anticipated  fee  as  revenue  since 


^ ^c^t , s^c^*t , s^  * c^^t , s * c^*t , ! 


C ,S  c LlSv  o = a • C* 

cQ*t.s  ° 


where  the  two  sums  are  taken  over  the  years  of  the  contract . 

But  if  the  accumulated  sum  of  allowable  costs  deviates  from 

contract  target  cost,  _,  then  the  actual  fee  will  deviate 

C X I s 

A 

from  the  target  fee.  Let  _ denote  the  accumulated  allow- 

C V I S 

able  costs  at  time  t in  state  of  nature  s,  so  that 


c^t,s  * c^t-l,s'  * c^t,s^c^t,s^  c^t,s  ’ 


(134) 


where  is  exogenouslv  determined  for  those  contracts  that 
are  ongoing  at  t * 0.  Then  the  actual  fee  paid  by  the 

government  is  c“t,s*cC*t,s  ^ c®t , 8^0*^% , s ' c^t.s> 

total  revenue  recognized  in  the  termination  year  is  given  by 

c*^t,s  “ c^t,s^c^t,8^*c^t,s  * ^c^t  ,s'^c^*t  ,s^  *c®t  ,s*c^*t  ,s 
* C®t,8^C^*t,8  ” C^t,8^  ’ 

where  „ and  _ are  interpreted  as  in  (133)  and 

C V|S 

where  the  third  term  on  the  right  represents  the  incentive 
fee  adjustment. 
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(135) 


Next  (133)  and  (135)  are  used  to  determine  expressions 
for  R-.  * and  In  section  B the  expressions 

(15)  and  (16)  were  determined  simply  by  sunmlng  over  the 
contracts  in  force  at  time  t in  state  s.  But  (133)  and 
(135)  require  that  contracts  also  be  distinguished  by 
termination  date.  Let  C7  ^ _ denote  the  contracts  of 
type  i that  terminate  at  time  t in  state  s and  let  ^ ^ 
denote  the  contracts  of  type  i that  in  state  s remain 
ongoing  after  time  t.  Note  that  for  ^ g defined  in 
section  B, 

^i.t.s  “ ^I.t.s  UCi^t.s'  ^I.t.s  '^^i.t.s  = ^ • 

Also,  by  definition,  C,  . „ = C~  With  these  definitions 

(15)  and  (16)  become 


^GA,t,s  “ cj  ^ g^c''^t,s^c^t,s^*c^t,s  c’'t,s^ 


•^c’^t,S^C^t,S>*C^t,s‘^^C^t,s/cQ*t.8^*c“t,S*C^*t,8^ 

^2,t,s  (136) 

J •^c'^t,s^c^t,s>’c^t,s'^^c‘^t,8/c^*o^‘c“o*c^*o 
^2,t,s 

^ c^o^c^^o  - cCt,s>^ 


®G0,t,8  " ■^C^t,8^c^t,8^’c^t,8'^^c^t,s/c^*t,s^*c®t,s*c^*t,s^ 

3,t,8 

g(cCt.8^*c^t,s‘^^c^t,s/c^*o^*c“o*c‘^*o 

^3,t,8 


♦ cVcC*0  - cCt,s>^ 

where  Q*«.  and  .o^  , are  interpreted  as  in  (133)  for  contracts 

C V98  CV|8 

that  were  ongoing  at  t - 0 and  that  are  still  ongoing  at 
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t > 0.  The  expressions  (136)  and  (137)  together  with 
expressions  (14)  constitute  the  four  revenue  arguments  of 
the  objective  functional  of  the  modified  model. 

The  modifications  (136)  and  (137)  to  the  expressions 
for  R„.  ^ ^ and  ^ respectively,  suggest  the  Inter- 
temporal  nature  of  policy  decisions  Involving  the  allocation 
of  labor  and  contractor-furnished  capital  to  government 
contracts.  There  Is  an  Impact  In  the  current  period  since 
the  current  period's  revenue  Is  affected.  There  Is  also 
an  Impact  on  the  total  allowable  costs  under  the  contract, 
which  Is  felt  In  the  period  the  contract  terminates.  To 
allow  In  the  model  for  this  future  period  effect  as  It 
concerns  contracts  that  terminate  after  the  planning  horizon, 
t ” T,  the  utility  function 


^3^^^cS,s^p+  ‘ 

^2,T,s 


•^c^T,s^p+ 

^3,T,s 


(138) 


Is  Introduced  Into  the  objective  functional  of  the  modified 

62 

model  set  out  below. 

The  only  other  changes  In  the  model  (37)  required 


to  accommodate  progress  payments  are  modifications  of 
the  balance  sheet  Identity  (37r)  and  of  the  expression  for 
the  change  In  the  stock  of  cash  (378).  The  Introduction  of 
progress  payments  necessitates  the  recognition  of  accounts 
receivable  on  the  left-hand  side  of  the  firm's  balance 


sheet.  Let  R^  „ denote  the  amount  of  accounts  receivable 
t ,s 

at  time  t In  state  of  nature  s.  The  new  balance  sheet  Is 


shown  In  table  VII-5,  which  Is  just  table  VII-1  with 


accounts  receivable  inserted  on  the  left-hand  side.  The 


balance  sheet  identity  becomes 
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(139) 


r 


! 

r 


■^'^t,s^^c^t,s^ ’R^^t.s’N^t.s^  “ ®t,s  * ®t,s 


Table  VI 1-5  Representative  Airframe  Builder's 

Balance  Sheet  Including  Accounts 
Receivable 

Assets  Liabilities 


Cash 

^t,s 

Debt 

®t  ,s 

Accts 

Rec 

**t  ,s 

Equity 

®t,s 

Inventories 

Fixed 

Assets 

‘^t,s  ^t,s 

Total 

Assets 

Total  Liabilities 
and  Stockholders' 
Equity 

®t . s'^^t . s 

For  convenience  it  is  assumed  that  revenue  earned 
on  sales  of  commercial  products  is  realized  in  cash  payments 
during  the  period  in  which  the  revenue  is  recognized  in 
the  Income  statement.  Given  the  earlier  assumption  that 
all  research  and  development  contracts  have  a duration  of 
one  year,  accounts  receivable  reflect  allowable  costs  in 
excess  of  progress  payments  plus  the  accumulated  unpaid 
pro  rata  portions  of  anticipated  fees  under  ongoing  govern- 
ment production  contracts.  Accounts  receivable  tend  to 
increase  due  to  ongoing  contracts  and  tend  to  decrease  due 
to  completed  contracts.  Thus  R^  in  (139)  satisfies  the 
difference  equation, 


) 
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, s"\-l , s ' t ( 1-P  , 8^ c^t , s ^ ' c^t , c^t , s/c‘^*t , s ^ 


'2.t,s 

c“t,s*c^*t,s^V^ 

^3,t.s 

^2,t,s 

Vt.s-cC*t.s>V''  - 

^3,t,s 


(140) 


where  C given  by  (134)  represents  accumulated  allowable  costs. 
According  to  (140)  accounts  receivable  at  time  t in  state 
of  nature  s are  equal  to  their  value  in  the  previous  period 
plus  increases  associated  with  ongoing  aerospace  and  non- 
aerospace production  contracts  less  amounts  associated  with 
aerospace  and  non-aerospace  production  contracts  terminating 
in  year  t and  state  of  nature  s. 

The  final  modification  of  (37)  required  by  the 
introduction  of  progress  payments  is  the  development  of 
a new  expression  for  the  stock  of  cash,  , that  takes 

into  account  the  imperfect  matching  of  cost  and  revenue 
flows  under  government  contracts.  The  representative  air- 
frame builder's  stp.temr.nt  of  sources  and  uses  of  cash 
modified  to  take  into  account  progress  payments  is  provided 
in  table  VII-6.  The  main  difference  between  table  VII-6 
and  table  VI 1-3  lies  in  the  treatment  of  revenue  earned  on 
sales  to  the  government,  only  a portion  of  which  is  realized 
as  cash  receipts  (i.e.  progress  payments)  under  ongoing 
contracts.  In  both  tables  it  is  assumed  that  expenses  are 
paid  in  cash  in  the  period  in  which  they  are  incurred. 

As  a consequence,  total  cash  generated  by  operations  will 
tend  to  be  more  volatile  in  table  VII-6  than  in  table  VII-3 
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Table  VI 1-6  Representative  Airframe  Builder's  Statement  of  Sources  and 

Uses  of  Cash  Allowing  for  Progress  Payments 
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depending  on  the  time  phasing  of  government  production 
contracts.  The  desired  expression  for  the  stock  of  cash 
at  time  t In  state  of  nature  s Is  obtained  by  rewriting 
the  expression  for  the  Increase  (decrease)  in  the  stock 
of  cash  provided  in  table  VI 1-6. 

It  should  be  noted  that  the  stock  of  cash  at 
time  t in  state  of  nature  s,  C.  , can  be  reexpressed  in 

V ^ S 


terms  of  net  income  at  time  t in  state  of  nature  s,  ti 


t.s’ 


which  will  prove  helpful  in  modifying  (38).  From  (32), 
(137),  and  (139)  it  follows  that 

^ J 

“ ( l*"^ ) { ^CA , t , s'^^CO , t , s" , s"“t , s'it , sBt , s } 

+T.qt  s*«-^t,s-'^BQ^,t,s^BGO,t,s>-‘lt,s^-^t,s 
'*’C?  . ^c^t,s^c^t,s^*c^t,s^c’^t,s^ 

X 9 T , S 


^2,t,s^  ^3,t,s 


^ * c^t , s ^ c^t , s ^ * c^t , s 


u c;  ^ P * C^t , s^ c^t , s > • c^t , s^c^o^ c^  Vc^t , s ' ^ 


''2,t,s^  3,t,s 

*r*  fir"*"  ^^^“^^c^t,s^c^t,s^*c^t,s 
^2,t,s^^3,t  ; 

'*’^c^t,s^c^*t,s^*c®t,s*c^*t  ,s^ 


*C~  i)C"  ^^^"^^c''^t,s^c'“t,8^*c^t,s 
2 , t , s 3 , t , 8 


^<cQt.s/c<3*o)*c“o*cC%> 


and  hence  that 

2 ,t ,s  ^3, t ,s 

(141) 
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^C*  Uc" 

2,t,s'^  3,t,s 

^c“o * . 8U^*o^  ^ , s*\ , s * '^t , s-'^’  "t , s'^t , 

^t,s"'^t,s’*’'^t-l,s'  ■ 

Using  (134)  and  (137)-(141)  to  modify  (37),  the  model 
of  the  representative  military  airframe  builder  adjusted  to 
account  for  progress  payments  can  be  formulated  as  the 
following  stochastic  optimal  control  problem: 


maximize  { ^ ^GA , t , s ’ ^GO , t , s ’ ^CA , t , s ’ *^C0 , t , s ' ^ t , s ’ 


•’^C^T.S^ 

c*  c* 

^2,T,s  3,T,s 


)](I^)^ 


subject  to  RoA.t.s-cJ^^  g'^cYt.s<cCt.s>*cCt.sVt.s^ 


(142) 


^c^t , s^c^t ,s ^ c^t,s 

2, t.s 

^^c^t  ,s^c^*t  .s^’c'^t  ,s*c^*t  ,s^ 

^c^t.s<cCt.s>-cCt.s^^c«t.s/c‘5*o>" 

^2,t,s 

Ak 

c“o*cCVc®o<cCVcCt.s>^ 

*^GO,t,s%+^  ^c'*^t,8^c^t,s^*c^t,s 

^3,t.s 

'*'^c^t  ,s'^c^*t  ,s^’c“t  ,s*c^*t  ,s^ 

^cYt.8<cCt.S>*cCt.S^<C«t.s/c‘5*o)^ 

3, t,8 

A 

a • C*  ♦ e ( C*  - )] 

C O c o c o'c  o c t.s'-* 
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t.s^^A’c^  t.s^E*c^ 

, s*c^  t ,s 

^t , S*C^t-l , S ' , s^c^t , s^ 'c^t ,s 

CA,  t , s^R^t , , s* R^t , s^R^t . s ^ 
CO.t.s^N^t.s^'N^t.s’NPt.s^N^^t.s^ 
t , s“ ^ ^ ^ ^GA , t , s'*‘®GO , t , s'*’**CA , t , s'*'^CO , t , s 

■'*M^U{cJ  . t.S  R^  t,S  t.S^ 

■”'a^U{cJ  ^ }c^  t.s'^R^  t.s'^N^  t,s^ 

1 , X , s 

f « »E  a.T^  \ 

“'^E^U{cJ  . t,s  t,s  N^  t,s^ 

1 , X 9 s 

-''t,s-<It,s-«-'^t,s-^,s<«t,s’''t,s>-®t,s^ 
T.sb  =3, 

c^T.s^^c^'t.s/c^^.s’c^T.s^ 

R^'-R^^t.s^’^R^  t.s^’^R^  t.s^’^R^  t.s 

N^*-N^t,s^'^N^^t,s^’^N^  t,8^’*-N^  t,s^'*-N*^  t,s 
icl  * „} At,8'^R*^t,8‘*‘N*  t,s  - ^t.s 


U{cj  t,s  - ^ t.s 

”t,s“”t-l,s’‘‘’^t,s 


, s ^ ’ R^t , s ’ N*^t , s , s *^t , s 
, s^  ^c^t , ’ R^t , s ’ N^t , s ,s'*’®t , s 

, s“^t-l , s ' ''’p+^  ^ ^ c*"t , s ^ ’ c^t , s 

^2,t,s 

,s^c^*t .s^'c^t .s'c^^t ,s^ 

{(l-PVt.s(c^t.s>*cCt.s 

3,t,s 

*^C^t ,S^  c^*t ,8^’ C^t , s’ c^*t ,S^ 

- Z {(1-p)  C*  + a*  • C**  } 

p-  ' '^•'ct.sct.sc  t,s 

2. t.s 

- I t(l-P)A.s"c“t,s-c^%,s>  ' 

3, t,s 

^t,8“^t-l,s''^^t,s'*’‘^t,s*'^**  t,S 

~r*  O r"*"  ^ ^ , s^c^t  ,s^ * c^t  ,s 

^2,t,s^  ''3,t,s 

,s^c^*t ,s^ "c^t ,s*c^*t , 

'"2,t,8'-'  ^3,t,8 

c^t  . 8>c“o-  1- A . 8/ . 8-^Zt  . 8’‘ 

''t  . 8-**  • "t  . 8-^t  . 8 • ^ , 8 A . 8‘^'^t-l  . 8 • 
along  with  the  8aine  nonnegativity  conetraints  ae  in  (37). 
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The  boundary  conditions  on  the  first  order  difference  equations 
are  analogous  to  those  in  chapter  four  and  so  are  left  unstated. 
The  decision  variables  and  the  exogenous  variables  are 
again  those  listed  in  table  VII-4,  with  the  addition  of 
the  government  procurement  policy  parameter  p.  The  reader 
is  reminded  that  a complete  list  of  the  symbols  used  in 
this  chapter  is  provided  in  the  appendix  at  the  end  of 
this  chapter. 


2.  Optimal  Operating  and  Financial  Policies 

The  purpose  of  this  subsection  is  to  characterize 
the  optimal  operating  and  financial  policies  of  the  representative 
airframe  builder,  as  implied  by  the  model  (142).  Since 
(142)  was  developed  by  modifying  (37)  to  incorporate  progress 
payments,  this  characterization  is  carried  out  by  modifying 
appropriately  the  necessary  conditions  discussed  in  section 
C.  In  the  next  subsection  the  impact  of  progress  payments 
is  evaluated  by  summarizing  the  analytical  results  presented 
in  this  subsection. 

To  obtain  the  characterization  of  the  optimal 
solution  to  (142)  define  the  following  generalized  Lagrangiau: 


T S 

L,-  I I 4)^  o*UiLR, 

t"l  S“1 


( l“ 


X".",  _".'*'t,s  ‘'l'-“GA,t,s'c“  t,s'c“  t,s'cL®t,s, 'c*‘  t,s 


, (143) 


>-c^t,s-'  _ ‘'’“GO,t,s^c  t,s’c^  t,s’c^  t,s’c  t.s’ 

^2,t,s 


tc^t,s^  _ ^’*^CA,t,s^R‘^t,s^’*^CO,t,s^N^t,s^’’^t,s^c^  t.s* 

S,t,s 

.A  ,E  ,11  .A  ,E  .A 

c t,s*c  t,s’R  t,s*R^  t,s'R^  t,s’N  t.s’N  t.s' 

. ’tA.sl  . ’ROt.s’ 

^2 , t , s ^3 , t , 8 
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i 

<1 

i 


N^\,s'c*^  t,s’^c^t,s^  _ ’^cS.s^ 

^2,t,s  ^ 


'3,t,s 


, s 'N^t , s ' “t , s • ^ t , s ’ ®t , s ' , s “t , 

T S A 

, t , s'- , s‘*’®t , s'^t , s^R^t , s 'N^t , s , s 

■®t , , s^t , , s ^ R^^t , s ’ , s ^ ^ 

^ M 

■^t-l.s'^R^^t-l.s*  ’N^t-l,s'  ^"^t-l,s’"’^t,s^c^  t.s' 

.A  ,E  ' ,M  ,A  .E  ,M  .A 
t,s’c  t.s’R^  t.s’R^  t.s’R  t,s’N^  t,s'N  t,s 


L®  if^  r c 1 


’ R^t , s ’ 


'2,t,8 


'3,t,s 


N^t , s ’ **t , s ’^t , s ’ ®t , s ’ , s ^ “‘^t , s * ^ * , s 

V UC*  ‘<‘-»>c-'t.s<c""t.s.eA.s.A,s. 

^2,t,8^^3,t,s 


A,s» 


^2.t,s'^S,t.s 


'<*-»>cA.s-c=t.s<o''“t,s’c‘-*t,s’ 


c‘-^,s•<;'^t,s>^>-’'t,s-^,s•^,s*‘‘•"t,s*'^t,s•'t.s 
T S S 

*w  .-1  ..ii^ia.t.E.E'f't.s-'t-i.s' 

^2,t,«^^3.t,8 
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^ z {(l-p)[  C - c. 

p-  |\r~  Ct.bCt.SC  l,bC  t,s 

2,t,s'^  3,t,s 


cL\  . 


where  the  first  difference  equation  indicating  the  change 
in  accounts  receivable  has  been  incorporated  last  in 
the  generalized  Lagrangian  in  order  that  the  Lagrange 
multipliers  through  (143)  correspond  to  the 

same  constraints  as  in  the  generalized  Lagrangian  (38). 

As  in  the  case  of  (37)  and  (38),  only  the  signs  of 

and  X,.,  - all  must  be  nonnegative 

OyVfS 

at  optimality  for  all  t and  s - can  be  discerned  with- 
out further  study  of  the  necessary  conditions. 

In  comparing  (142)  with  (37)  it  can  be  seen 
that  the  revenue  functions  ^ ^ and  Rqq  ^ g,  and 

therefore,  the  net  income  function,  it.  , have  been 

X t 8 

modified,  and  in  particular,  that  the  airframe  builder's 
allocation  of  labor  and  contractor-furnished  capital 
to  aerospace  government  production  contracts  and  to 
non-aerospace  government  contracts  in  one  year  has  an 
impact  on  revenue  earned,  net  income  earned,  and  cash 
flow  in  the  year  the  contract  terminates.  Thus  necessary 
conditions  (40)  and  (65)  must  be  modified  to  take  into 
account  the  intertemporal  revenue,  net  income,  and 
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and  cash  flow  effects  attributable  to  the  policy  of 
granting  progress  payments.  Since  the  analysis  is 
similar  for  labor  and  contractor-furnished  capital  and 
is  also  similar  for  government  aerospace  production 
contracts  and  non-aerospace  government  contracts,  the 
discussion  below  can  deal  with  the  allocation  of  labor 
to  government  aerospace  production  contracts  without 
loss  of  generality.  Thus,  the  analysis  for  the  allocation 
of  labor  to  government  contracts  is  set  out  in  full, 
and  then  the  analogy  between  the  allocation  of  labor 
and  the  allocation  of  contractor-furnished  capital  is 
exploited  to  summarize  the  Important  implications  of 
the  government's  progress  payments  policy  for  the 
allocation  of  contractor-furnished  capital  to  govern- 
ment contracts. 

To  discuss  these  intertemporal  effects  connected 
with  any  particular  contract  c at  time  t and  state  of 
nature  s,  three  cases  need  to  be  distinguished: 


- the  contract  l.i  terminating  at  time  t 

- the  contract  is  ongoing  at  time  t and  will  also  be 
ongoing  at  time  t ■ T 

- the  contract  is  ongoing  at  time  t but  will  terminate 
at  time  t'  £ T 

These  three  cases  are  considered  in  order  below. 
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In  the  first  case,  time  t is  the  year  of  termination. 


To  abstract  from  the  backlog  effect,  which  was  considered 
in  the  previous  section,  assume  t < T.  By  differentiating 
(143)  it  is  found  that  the  optimal  labor  allocation 

must  satisfy  the  following  necessary  condition: 

c t , s 

. r ,^^GA.t,s  ^ ^”GA,t.s  ^A,s  . 

C V|S  Clf|0  W 

A 

9(Jj  3ti.  3ir^  ^c^t  s It 

♦ ^ ---f— ))(tT;) 

t.s  ’c=t,s  t.s 


s 

-LX 


t s ^^t  s ^c^t  s 

+ . ■>  - -'4'-  ) (144) 


2,c  . tJ  ■^,;/9,t,s,s’\  ,j  . P 3 T j 

^c^  t,s  ® ^ ^c^  t,s  ‘’c^  t. 


S 

-EX 

s'-l 


s ^c^t  s ^c^t  s 

11  t ^ - ---H  ' +(1-P)[- 

0 L**  3 C 3 3 


^c^t,s 


3 

c t,s 


]}+  EX 


j^''13,t,s,s 


,K1-p)C^°4°  ■ J)  ■ ° 


Rearranging  terms  in  (144)  to  facilitate  a comparison  with 
(40)  yields 


3U,  . ^ A a 

fi  1 GAa  ^ 1 ® 

^^,8  3ft’  \ ,J 

GA,t,s  3pL  ^ g 


3U,  - . S 37r, 

■"^^,8  Tir^(T+lF>  -^,^j(^9.t,s,s'''Hl,t,s,s'>^3 


: t.s. 

L'^ 

c t ,s 


o 


+{4, 


1 t ® 


, ,+x. 


Sir 

d 


S'-l  ®'^«s,s’^''ll,t,s,s 
„ S 

3 L^ 

c t , s c t , s 


, )}  X 


3-C. 


3_a 


- 0 . 

t.s  t.s 

To  interpret  (145)  note  that  the  first  three  terms  on  the 
left-hand  side  of  (145)  are  identical  to  the  left-hand  side 
of  (40).  In  addition  there  are  three  other  terms  on  the 
left-hand  side  of  (145).  The  first  two  of  these 


{ } 


3R  dC 


3C 


?L 


and  { } 


3ti  3C 


3C 


(146) 


reflect  the  indirect  impact  on  current  period  revenue  and 
net  income,  respectively,  of  a change  in  the  current 
allocation  of  labor  (of  type  J)  to  contract  c,  where 
this  indirect  impact  is  transmitted  through  the  change 

A, 

in  total  accumulated  allowable  contract  costs,  g. 

The  last  term  on  the  left-hand  side  of  (145)  reflects 
the  cash  flow  Impac'.  of  a change  in  the  labor  allocation. 


c"  t,s 


Note  that  it  follows  from  (9)  and  (134)  that  the 


difference  l|^  - |^]  < 0,  so  that  the  sign  of  the  last 
term  on  the  left-hand  side  of  (145)  is  determined  by  the 
sign  of  the  sum  of  Lagrange  multiplier  differences 


S 

g,i/^ll,t,s,s'  ■ ^13,t,s,s'^  • 


(147) 


In  general  the  sign  of  (147)  is  indeterminate,  being 
dependent  on  the  time  phasing  of  government  contracts. 
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and  in  particular,  on  the  differential  cash  flow  Impact 
of  contract  termination  (when  the  contractor  receives 
cash  amounting  to  allowable  costs  for  the  current  year, 
plus  p times  the  sum  of  previous  years'  allowable  costs 
under  the  contract,  plus  the  fee)  and  nontermination  (when 
only  p times  the  current  year's  allowable  costs  are 
received  in  cash).  The  significance  of  the  sign  of 
(147)  is  indicated  below  in  corollary  VII-16-1. 

In  the  second  case,  the  production  contract  c, 
which  is  ongoing  at  time  t,  will  not  terminate  until 
after  the  planning  horizon  t * T.  The  optimal  allocation 
L"^.  must  satisfy  the  following  necessary  condition: 

C L ^ S 


^ 1 )tj^^GA,t^ 

^®GA,t,s 


1 t ^ 


t,8  3T't,s 


.-tX. 


,)}- 


3Tr 


® ^ ®c^  t,s 
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+ X 


3I?I 

C V ^ 8 


(148) 
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+ I ♦t  s 
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3U„  3Cm 
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c''T,s  ^c^  t,s 


,) 


^c^t ,s 


0 , 


where  the  sum  of  Lagrange  multiplier  differences  (147) 
once  again  has  Indeterminate  sign.  While  (148)  is  similar 
in  form  to  (145)  - the  first  three  terms  on  the  left-hand 
side  are  identical  and  the  remaining  terms  reflect  the 
intertemporal  cash  flow  impact  of  progress  payments  - the 
nature  of  the  Impact  of  progress  payments  is  different 

A 


I 

1 


■t 


In  the  two  cases.  In  (148)  there  are  two  effects,  the 
first  Interpretable  as  the  expected  marginal  Impact  on 
expected  collective  utility  of  the  amount  of  accumulated 
allowable  costs  under  the  contract  as  of  the  planning 
horizon,  and  the  second  Interpretable  as  the  cash  flow 
Impact  of  the  proportion  (1  - p)  of  allowable  costs  that 
are  not  received  as  cash  but  that  must  be  added  to  accounts 
receivable. 

In  the  third  case,  the  production  contract  c,  which 
is  ongoing  at  time  t,  terminates  at  some  time  t'  £ T. 

The  optimal  allocation  _ must  satisfy  the  following 

necessary  condition: 

3U,  . . 3R-.  . ^ 

r A.  l/l\ti  GA  , t , S 


1 t ^ 
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c t , s 


2.*^  3 lJ 


c t ,s 
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“g,fj^^^9,t' ,s,s''^^ll,t's,s. 
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^c^t ' ,s  ^c^  t , s 
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(149)  is  similar  in  form  to  (145)  and  (148),  though  there 
are  now  four  terms  required  to  convey  the  intertemporal 
impact  of  progress  payments.  In  (149)  the  two  terms 


S 

I { 
s=l 


,3R  3C 
} — jr  -r-f  and 

3C 


S 

Z { 
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i 3Tr  3C 


(150) 


are  analogous  to  (146)  in  that  they  reflect  the  indirect 
impact  on  the  revenue  and  net  income,  respectively,  of 
the  period  in  which  the  contract  terminates  of  a change 
in  the  current  allocation  of  labor  (of  type  j ) to  contract 
c,  where  this  indirect  impact  is  once  again  transmitted 
through  the  change  in  total  accumulated  allowable  contract 

A 

costs,  What  distinguishes  (150)  from  (146)  is 

the  period  in  which  the  contract  terminates  - the  current 
period  in  the  latter  and  some  future  time  period  in  the 
former.  The  last  two  terms  in  (149)  are  collectively 
analogous  to  the  last  term  in  (145),  with  the  fact  that 
the  period  in  which  the  contract  terminates  differs  from 
the  current  period  in  (149)  being  responsible  for  the 
two  terms,  rather  than  one,  that  indicate  the  separate 
period-specific  cash  flow  impacts  of  progress  payments. 

To  summarize  briefly,  then,  the  necessary  conditiors 
(145),  (148),  and  (149)  arose  out  of  the  need  to  consider 
explicitly  the  impact  of  progress  payments  on  the  allocation 
of  labor  (and  in  view  of  the  comments  made  at  the  beginning 
of  this  subsection,  contractor-furnished  capital  also). 

The  three  necessary  conditions  are  all  of  the  same  general 
form 
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(151) 
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where  the  first  three  terms  on  the  left-hand  side  are  identical 
to  the  left-hand  side  of  (40)  and  where  6 is  the  sum  of 
two  or  more  terms  that  reflect  the  intertemporal  cash  flow 
impact  of  progress  payments. 

The  comparison  of  (145),  (148),  and  (149)  with 
(40)  leads  to  the  following  theorem. 

Theorem  VI 1-16 

If  the  utility  function  is  strictly  concave 
with  respect  to  each  of  its  arguments  ^ g,  Rqq  ^ g, 
and  iT^  , then  labor  usage  under  government  contracts  is 
directly  related  to  the  value  of  0 . If  0 < 0 in  (151), 
then  the  effect  of  the  present  policy  of  progress  pay- 
ments is  to  reduce  th j contractor's  labor  usage  under 
government  contracts.  If  e > 0,  then  the  effect  is  to 
increase  the  contractor's  labor  usage  under  government 
contracts. 

Proof 

If  0 < 0,  then  the  left-hand  side  of  (40)  is 
strictly  positive.  Since  it  was  shown  in  the  proof  of 
corollary  VII-2-1  that  (50)  holds  under  the  assumptions 
of  this  theorem,  it  follows  that  labor  usage  is  restricted 
when  0 < 0.  When  0 > 0 the  left-hand  side  of  (40)  is 
strictly  negative.  Since  (50)  still  holds,  it  follows 
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that  labor  usage  is  increased  when  6 > 0.  Thus,  labor 
usage  under  government  contracts  is  directly  related 


1 

I 


to  the  value  of  0, 


Q.E.D. 


•V_, 


Examination  of  the  model  incorporating  progress 
payments  (142)  suggests  a possible  interpretation  of 
theorem  VI 1-16.  During  a period  in  which  there  are  many 
ongoing  government  production  contracts,  but  only  a very 
small  number,  or  possibly  even  none,  terminating,  the 
combined  effect  of  the  cash  outflows  in  excess  of  cash 
inflows  may  be  sufficient  to  threaten  (or  possibly  even 
to  precipitate)  a cash  flow  crisis  for  the  firm.  Mathematically 
such  a crisis  would  correspond  to  0 < 0 and  restricted 
labor  usage  by  the  firm.  In  the  opposite  case,  many 
contracts  terminating  would  correspond  to  0 > 0.  The 
variable  0 corresponds,  then,  to  a particular  type  of 
variation  in  the  state  of  the  firm's  financial  environment  - 
a type  of  variation  attributable  to  the  system  of  progress 
payments  and  explainable  on  the  basis  of  the  imperfect 
matching  of  cash  outflows  and  cash  Inflows  that  is  a 
direct  result  of  the  policy  concerning  progress  payments. 

The  significance  of  the  sign  of  0 is  brought  out 
more  clearly  in  the  following  corollary  to  theorem  VII-16, 
which  links  the  sign  of  (147)  to  the  sign  of  one  of  the 
terms  that  comprise  0 in  (145),  (148),  and  (149). 

Corollary  VII-16-1 


For  any  government  production  contract  that  is  terminating 

S 9..— 4.  ^^C^ 


at  time  t,  -(1-p)  I (A,,  ^ s'“^13  t s s’^^ J* TT^ — ^ 

“ ct,sct,s 


in  (145)  is  positive,  zero,  or  negative  as  (147)  is  positive, 


0 


1 


zero,  or  negative,  respectively.  If  Instead,  the  contract 


r 


is  ongoing  at  t and  will  also  be  ongoing  at  t T,  then 


(1-P)  j:  (A 
s'-l 


ll,t ,s,s'~  13,t ,s,s 


)_ci^  in  (148)  is  positive, 
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zero,  or  negative  as  (147)  is  positive,  zero,  or  negative, 
respectively;  and  in  addition,  0 < 0 when  (147)  is  negative, 
if  SUg/BC  < 0.  If  instead,  the  contract  is  ongoing  at 


t but  will  terminate  at  t’  < T,  then  the  immediate  cash 

S ~ 3 C 

tio«  impact  (1-P)  f 

® ^ °C^  t,s 

(149)  is  positive,  zero,  or  negative  as  (147)  is  positive, 

zero,  or  negative,  respectively.  Whereas  the  future  cash 

flow  impact  for  each  possible  state  s at  t ' 
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(149)  is  positive,  zero,  or  negative,  respectively. 


Proof 


The  first  statement  follows  directly  from  0 < p < 1 


and  [ 
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^c^t,s 


] <0.  The  second  statement  follows 


directly  from  0<  p <1  and  3 e ^ ® from 
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negative  when  3Ug/3C,j,  g < 0-  The  third  statement  follows 
directly  from  0 < p < 1 and  3„C^  ^ ® 

C X|0  O X^0 


o > 0- 
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Q.E.D. 


The  significance  of  corollary  VI 1-16-1  is  that 
the  sign  of  (147)  plays  an  important  role  in  determining 
the  sign  of  the  'intertemporal  cash  flow  impact  of  progress 
payments'  term,  0,  in  (151).  Theorem  VI 1-16  and  corollary 
VII-16-1  suggest  that  when  (147)  is  negative  for  any 


date  t and  state  s,  the  cash  flow  Impact  of  a change  in 


the  labor  allocation,  ^ gi  i.e.  for  that  date  and  state, 

is  negative,  tending  to  cause  0 < 0 and  thereby  tending 

to  reduce  the  contractor's  labor  usage  under  government 

contracts.  However,  as  the  last  term  on  the  left-hand 

side  of  (149)  suggests,  this  effect  is  partially  muted 

by  the  positive  impact  on  termination  year  cash  flow. 

Finally,  when  (147)  is  positive  for  any  date  t and  state 

s,  the  effects  just  noted  are  reversed,  i.e.  the  immediate 

impact  is  positive,  tending  to  cause  9 > 0,  and  the 

termination  year  impact  is  negative.  In  view  of  the 

comments  made  following  the  proof  of  theorem  VI 1-16, 

it  can  be  suggested  that  (147)  tends  to  be  negative  for 

those  dates  and  states  when  relatively  few  contracts 

terminate  and  tends  to  be  positive  for  those  dates  and 
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states  when  relatively  many  contracts  terminate. 

The  foregoing  has  dealt  exclusively  with  the 
contractor's  allocation  of  labor  to  government  contracts. 
Similar  results  could  be  obtained  for  the  allocation 
of  contractor-furnished  capital,  and  in  particular,  necessary 
conditions  analogous  to  (145),  (148),  and  (149)  could 
be  developed  for  the  extension  of  (65).  Buo  rather  than 
repeat  this  analysis,  the  following  summary  necessary 
condition  for  contractor-furnished  capital,  which  is 
analogous  to  (151), 

. 3R, 
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where  the  first  four  terms  on  the  left-hand  side  are  identical 
to  the  left-hand  side  of  (65)  when  k = GA  and  where  0 
represents  the  sum  of  two  or  more  terms  as  in  (151), 
is  used  to  determine  the  important  implications  of  the 
government's  progress  payments  policy  for  the  contractor’s 
allocation  of  its  own  capital  to  government  contracts. 

Theorem  VI 1-17 

When  0 > 0 in  (152),  the  effect  of  the  government's 
progress  payments  policy  on  contractor  investment  behavior 
is  to  cause  the  contractor  to  substitute  contractor- 
furnished  capital  for  government-furnished  capital. 

When  0 < 0,  the  effect  is  reversed,  causing  the  contractor 
to  substitute  government-furnished  capital  for  contractor- 
furnished  capital.  When  0=0,  the  impact  of  the  govern- 
ment's progress  payments  policy  is  neutral  with  regard  to 
contractor  investment  behavior. 

Proof 


Solving  (72)  and  (152)  for  X,,  equating  the 

z , c 

resulting  expression.^  , and  rearranging  terms  leads  to  the 
following  modification  of  (73): 


_ t.s  . t.s-<  t.s-° 

*6,t,s 
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(153) 


where  the  terms  in  braces  are  the  same  as  those  in  (152). 
When  0 > 0 the  equilibrium  marginal  rate  of  technical 
substitution  between  government-furnished  capital  and 
contractor-furnished  capital  expressed  by  (153)  diminishes, 
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causing  contractor-furnished  capital  to  be  substituted 

for  government-furnished  capital,  as  illustrated  in 
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figure  VII-1.  When  0 < 0 the  reverse  occurs  since 
the  marginal  rate  of  technical  substitution  expressed 
by  (153)  increases.  When  0=0  (153)  becomes  identical 
to  (73)  with  k = GA.  Q.E.D. 
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Figure  VII-1  Diminishing  Marginal  Rate 
of  Technical  Substitution 

Corollary  VI 1-17-1 

When  0 > 0 in  (152)  the  government's  progress  payments 
policy  tends  to  decrease  the  equilibrium  net  marginal 
cost  of  contractor-furnished  capital  allocated  to  each 
government  contract , 
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When  6 < 0 in  (152)  the  equilibriiun  net  marginal  cost 
is  increased.  When  6 » 0 the  net  marginal  cost  is  un- 
affected. 

Proof 

Follows  directly  by  comparing  (154)  with  (67) 
for  different  values  of  0.  Q.E.D 


The  importance  of  theorem  VI 1-17  and  corollary 
VI 1-17-1  is  that  they  demonstrate  the  impact  the  government's 
progress  payments  policy  can  have  on  contractor  investment 
behavior.  When  0 > 0 and  cash  flow  is  relatively  strong 
due  to  the  cash  receipts  associated  with  contract  completion, 
the  cost  of  capital  adjusted  for  the  Implicit  cost  of 
cash  utilized  for  Investment  purposes  rather  than  for 
alternative  uses  is,  in  effect,  diminished.  As  a result, 
the  contractor  is  induced  to  invest  in  plant  and  equip- 
ment and  to  substitute  contractor-furnished  capital  for 
government-furnished  capital.  This  may  account  in  part 
for  contractor  willingness  during  certain  periods  to 
purchase  government wned  plant  and  equipment.  When 
6 < 0 and  cash  flow  is  relatively  weak,  the  above  effects 
are  reversed  since  the  implicit  cost  of  cash  used  for 
investment  purposes  has  risen. 

In  addition  to  the  Just  discussed  effects  of  the 
government's  progress  payments  policy  on  the  representative 
airframe  builder's  operating  decisions,  there  is  an 
important  financial  Impact  due  to  the  required  growth  in 
total  accounts  receivable  in  the  years  prior  to  the  year 


of  contract  completion.  To  highlight  this  effect 


assumed  in  formulating  (142)  that  commercial  sales  are 


matched  perfectly  by  cash  flows,  i.e.  that  accounts 


receivable  are  due  solely  to  the  government's  progress 


payments  policy 


Differentiating  (143)  with  respect  to  R. 

w 9 S 

the  resulting  expression  equal  to  zero,  and  solving 


leads  to  the  following  necessary  condition 


As  discussed  above,  ^ can  be  interpreted  as  the 

contractor's  marginal  cost  of  money  capital.  The  right 


hand  side  of  (155),  which  is  analogous  to  (121),  can  be 


interpreted  as  the  marginal  value  of  accounts  receivable, 
which  is  expressed  as  the  difference  between  the  expected 
value  of  additional  accounts  receivable  at  t in  s contingent 


upon  s'  at  t - 1 less  the  expected  value  of  additional 


accounts  receivable  at  t in  s contingent  upon  s'  at 


t + 1.  This  interpretation  of  (155)  leads  to  the  following 


theorem 


When  the  representative  airframe  builder  iiK/deled  in  (142) 
is  in  equilibrium,  the  marginal  value  of  accounts  receivable 
at  each  date  t and  state  s will  equal  the  firm's  marginal 


cost  of  money  capital. 

The  significance  of  theorem  VII~18  is  that  accounts 
receivable  represent  a form  of  trade  credit  extended 
by  the  contractor  to  the  government.  The  financial  resources 
tied  up  in  accounts  receivable  involve  an  opportunity  cost 


f 


1 


I 


1 


to  the  firm  that  is  measured  by  A,.  . . In  order  that  the 

amount  of  accounts  receivable  be  optimal  from  the  standpoint 

of  the  airframe  builder,  the  marginal  value  of  accounts 

receivable  (in  terms  of  discounted  expected  collective 

utility)  must  equal  the  marginal  cost  of  the  financial 

resources  used  for  that  purpose.  Put  somewhat  differently, 

if  A-«  * were  actually  the  interest  rate  the  firm  had 
10 , t , s 

to  pay  to  borrow  funds,  then  extending  trade  credit  of 

6.  to  the  government  would  involve  an  interest  cost  of 
i , s 

period.  The  important  point  to  be 
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made  here  is  that  the  government's  progress  payments 
policy  implicitly  involves  the  extension  of  trade  credit 
to  the  government  by  the  contractor  and  that  such  trade 
credit  involves  a cost  that  must  be  borne  by  the  contractor. 

Theorem  VII-18  together  with  theorem  VII-11  and 
corollary  VII-13-1  lead  to  the  following  result. 

Corollary  VI 1-18-1 

When  the  representative  airframe  builder  modeled  in  (142) 
is  in  equilibrium,  if  it  is  optimal  for  the  contractor 
to  hold  nonzero  precautionary  cash  balances,  then  the 
marginal  value  of  cash  balances  will  equal  the  marginal 
value  of  accounts  receivable;  the  marginal  value  of 
each  of  these  alternative  uses  of  funds  will  equal  the 
firm's  marginal  cost  of  money  capital,  Aj^q  ^ g;  and 
this  marginal  cost  of  money  capital  will  be  the  same 
for  both  debt  and  equity. 

Corollary  VII-18-1  is  a characterization  of 
balance  sheet  equilibrium,  since  as  seen  previously,  the 
marginal  cost  of  money  capital,  A^q  ^ plays  a crucial 
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role  in  the  contractor's  investment  decision.  Thus, 


. measures  the  marginal  cost  of  funds  obtained 
10, t ,s 

from  the  sources  listed  on  the  right-hand  side  of  the 
firm's  balance  sheet  in  table  VII-5  and  is  numerically 
equal  to  the  marginal  value  of  those  funds  applied  in 
the  uses  listed  on  the  left-hand  side  of  the  balance 
sheet  in  table  VII-5. 


The  necessary  conditions  (145),  (148),  and  (149); 
tJ»e  analogous  modifications  of  (65)  for  the  allocation 
of  contractor-furnished  capital  to  government  contracts; 
and  the  necessary  condition  (155)  for  accounts  receivable; 
are  the  only  modifications  needed  to  the  necessary  conditions 
presented  in  section  C.  The  new  necessary  conditions 
do  necessitate  minor  modifications  in  the  rules,  such 
as  (41),  for  the  optimal  allocation  of  inputs  under  govern- 
ment contracts.  These  can  be  handled  simply  by  redefining 
the  net  marginal  values  of  the  labor  and  capital  inputs 
to  incorporate  0 - that  is,  to  redefine  net  marginal 
value  to  reflect  the  intertemporal  cash  flow  impact  of 
I progress  payments  discussed  above. 

I 3.  Summary:  The  Impact  of  Progress  Ppvments 

In  this  section  the  model  of  the  representative 
airframe  builder  formulated  in  section  B was  modified 
to  Incorporate  progress  payments.  This  modification 
required  several  changes  in  order  that  the  model  adequately 
reflect  the  Intertemporal  nature  of  the  revenue-,  net 
income-,  and  cash-flow  related  effects  associated  with 


the  current  progress  payments  policy.  These  changes 


I 


conditions  stated  in  section  C for  the  allocation  of 
Inputs  to  government  contracts. 

The  main  result  of  this  section  is  that  the  current 
progress  payments  policy  can  have  a significant  cash 
flow  impact  on  the  behavior  of  the  airframe  builder, 
depending  on  the  time  phasing  of  government  contracts 
(theorems  VI 1-16  and  VI 1-17).  In  years  prior  to  the 
year  of  contract  completion  the  contractor  receives 
some  portion  (p  < 1)  of  allowable  costs  in  the  form 
of  cash.  The  balance,  along  with  the  fee  (if  any) 
earned  under  the  contract , is  received  during  the  year 
the  contract  is  completed.  Thus,  cash  outflows  and  cash 
inflows  are  imperfectly  matched.  As  a consequence,  a 
large  number  of  ongoing  production  contracts  coupled 
with  zero  (or  some  small  number  of)  contract  completions/ 
terminations  tend  to  cause  the  contractor  to  reduce  its 
allocations  of  labor  and  o'  its  own  capital  to  government 
contracts,  while  a relatively  large  number  of  contract 
completlons/terminatioiis  would,  by  Improving  the  firm's 
cash  position,  tend  to  have  the  opposite  effect. 

This  section  has  considered  just  one  aspect  of 
government  procurement  policy.  Several  others  are  dis- 
cussed in  the  next  section. 
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E.  ADDITIONAL  PROCUREMENT  POLICY  ISSUES 


The  purpose  of  this  section  is  to  apply  the  model 
of  the  representative  airframe  builder  that  was  developed 
in  sections  B and  D of  this  chapter  to  attempt  to  explain 
the  hoarding  of  labor,  of  which  the  airframe  builders 
have  often  been  accused,  and  to  suggest  some  important 
implications  of  the  design-to-cost  policy  and  also  of  the 
recent  procurement  policy  changes  resulting  from  the 
Profit  '76  study.  In  discussing  these  procurement  policy 
issues  it  is  the  author's  intention  to  demonstrate  the 
applicability  of  the  airframe  builder  model  formulated 
in  this  chapter  to  these  issues  and  to  indicate  that  the 
model  could  be  employed  fruitfully  in  further  research 
involving  government  procurement  policy. 

1.  Labor  Hoarding 
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As  discussed  in  chapter  six  of  this  thesis, 
it  has  been  suggested  by  Peck  and  Scherer,  as  well  as 
by  others,  that  the  major  airframe  builders  have  at 
times  hoarded  engineers,  scientists,  and  administrative 
personnel,  and  that  this  hoarding  has  manifested  itself 
in  the  assignment  of  these  personnel  to  routine  jobs 
not  requiring  their  skills.  The  purpose  of  this  sub- 
section is  to  offer  two  possible  explanations  for  this 
sort  of  behavior,  one  of  which  might  explain  'permanent' 
hoarding  and  the  other  of  which  might  explain  'temporary' 
or  'cyclical'  hoarding.  The  former  is  most  easily  dealt 
with,  and  so  is  discussed  first. 
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According  to  theorem  VII-2,  the  representative 
airframe  builder  modeled  In  (37)  employs  labor  of  each 
type  under  each  government  contract  beyond  the  short  run 
profit  maximizing  level.  To  the  extent  that  the  amounts 
of  administrative  labor  on  the  one  hand  and  engineering 
and  scientific  labor  on  the  other  exceed  their  respective 
profit  maximizing  levels  and  to  the  extent  that  these 
'excess'  amounts  are  allocated  to  Jobs  that  do  not  require 
such  skills,  a government  auditor  could  reasonably  interpret 
this  sort  of  behavior  as  'hoarding'.  But  such  behavior 
is  not  the  result  of  management's  reluctance  to  lay  off 
workers  - i.e.  its  desire  to  hoard.  Rather,  the  observed 
behavior  is  the  result  of  management's  willingness  to 
sacrifice  some  potential  profit  in  order  to  increase 
total  revenue  and  expected  collective  utility.  Moreover, 
since  the  contractor  modeled  in  (37)  will  always  allocate 
more  of  each  type  of  labor  to  each  contract  than  a short 
run  profit  maximizer,  there  is  what  may  appear  to  be 
'permanent  hoarding'  of  labor  by  the  contractor.  Thus, 
one  possible  explanation  for  the  hypothesized  hoarding 
of  labor  is  the  nature  of  the  firm's  objectives,  which 
can  lead  it  to  hire  labor  beyond  profit  maximizing  levels. 

The  foregoing  explanation  of  hoarding  brings 
out  an  important  issue  associated  with  government  contracting. 
For  any  given  weapons  system  (e.g.  plane  or  missile) 
already  in  production,  it  is  in  the  government's  interest 
to  promote  cost  minimization,  since  ceteris  paribus  a 
lower  unit  cost  tends  to  lead  to  an  increase  in  the  number 
of  units  that  can  be  procured  (this  is  true  when,  for 
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example,  there  is  a fixed  total  budget  for  a particular 
program).  If  contractors  were  interested  in  maximizing 
their  fee  on  each  FPI  or  CPIF  contract,  then  their  interests 
would  also  be  served  by  cost  minimization.  Thus,  cost 
minimization  would  be  a mutual  objective.  However,  if 
contractors  attach  some  positive  weight  to  total  revenue 


and  to  managerial  emoluments,  as  in  (37)  and  in  (142), 
then  cost  minimization  is  no  longer  a mutual  objective. 

Under  such  circumstances,  and  as  long  as  the  airframe 
builders  pursue  alternative  objectives  while  the  govern- 
ment strives  for  cost  minimization,  it  is  likely  that 
government  auditors  looking  for  evidence  that  costs  are 
not  being  minimized  would  be  able  to  gather  such  evidence. 

The  central  issue  here  is  not  whether  or  not  contractors 

are  technically  efficient,  but  rather,  whether  their  objectives 

are  consistent  with  the  government's  (i.e.  cost  minimization) 

- and  the  analysis  presented  in  sections  C and  D of  this 
chapter  suggests  they  are  not. 

The  second  explanation,  which  suggest  that  the 
hypothesized  hoarding  of  labor  - or  at  least  a major 
component  of  such  hoarding  - is  of  a temporary  or  cyclical 
nature,  is  based  on  the  existence  of  Imper • jctions  in 
the  markets  for  administrators,  engineers,  and  scientists. 

As  discussed  in  chapter  six,  the  major  airframe  builders 
are  particularly  concerned  about  providing  stable  employ- 
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ment  opportunities  for  their  skilled  engineers  and  scientists 
as  well  as  for  their  skilled  administrative  personnel 
(division  managers,  their  staffs,  etc.).  One  reason  for 
this  concern  is  the  high  cost  of  a hire-and-f ire  policy 
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since  laid  off  engineers  and  scientists  may  be  hired  by 

another  airframe  builder  and  hence  be  unavailable  when 

a new  program  is  won.  To  locate  and  hire  new  managers, 

engineers,  and  scientists  can  thus  involve  high  costs 

of  search  in  addition  to  the  cost  of  training/retraining 

(of  which  at  least  some  minimum  amount  must  be  done  in 

order  to  familiarize  newly  hired  or  rehired  personnel 

with  the  program  on  which  they  will  work). 

In  the  extreme  case,  the  firm  may  react  to  these 

—A 

costs  by  setting  manpower  levels  L for  administrative 
— E 

labor  and  L for  engineering  and  scientific  labor  that 

are  to  remain  constant  throughout  the  planning  period. 
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In  terms  of  the  airframe  builder  model  (37),  this  policy 

can  be  incorporated  into  the  model  by  formulating  the  constraints 

_A  — E 

(7),  where  L and  L are  treated  as  exogenously  determined. 

Then  modifying  the  generalized  Lagrangian  (38)  by  appending 
to  it  the  terms 
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and  differentiating  with  respect  to  g.  j « A or  E, 

leads  to  the  following  necessary  condition: 


^^1  ( 1 >.t,^^GA.t.s 

V 1 Xw*  / J 


^**GA,t,s 


s 


(158) 


1 t ® ^^t  8 

•"^^,8  - I ^^9, t. a, 

® c t,s 
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where  (j,  j')  *•  (A,  14)  or  (E,  15).  While  in  general 
it  is  impossible  to  determine  the  signs  of  X..  . and 

y u I S 

X._  since  (7)  are  equality  constraints,  the  following 

X O I V 9 s 

lemma  suggests  that,  by  characterizing  the  firm's  attitude 
toward  its  levels  of  administrative  labor  and  engineering 
and  scientific  labor  at  any  time  t and  state  of  nature 


s as  either  'would  hire  one  or  more  workers  in  the  absence 
of  the  constraint'  or  'would  lay  off  one  or  more  workers 
in  the  absence  of  the  constraint',  it  is  possible  to 
determine  the  signs  of  ^ ^ and  Xj^g  ^ ^ during  these 
(alternating)  periods  and  to  use  this  information  to 
explain  labor  hoarding  as  a cyclical  phenomenon. 

Lemma  VII-3 

For  time  periods  t and  states  of  nature  s for 
which  the  contractor  would  hire  one  or  more  administrative 


(or  scientific  and  engineering)  workers  in  the  absence 

of  the  constraints  (7),  X^^^  ^ ^ (or  X^g  ^ s^  — 

time  periods  t and  states  of  nature  s for  which  the  contractor 

would  lay  off  one  or  more  administrative  (or  scientific 

and  engineering)  workers  in  the  absence  of  the  constraints 


^14,t,s  ^15,t,s^  - 


Remark 


In  the  first  case  there  is  a scarcity  of  labor 


within  the  firm  and  X^^^  ^ ^ (or  Xj^g  ^ acts  as  an 
internally  imposed  tax,  rationing  the  use  of  whichever 


‘i 

•i 


(159) 


r 


I 


I 

I 


{ 


}—  + { 


^3L 


A . 


In  the  second  case  there  is  a surplus  of  labor  within  the 
firm  and  A-.  . ^ (or  A ^ 4.  acts  ats  an  internally 
imposed  subsidy  by  inflating  the  net  marginal  value  of 
labor  given  by  (159)  in  order  to  ensure  that  all  available 
labor  is  allocated  (and  that  the  constraint  is  satisfied). 
Proof  of  lemma  VI 1-3 

Since  (156)  and  (157)  are  identical  in  form,  the 

proof  is  the  same  for  both  types  of  labor.  So  consider 

A-.  ^ . In  the  first  case,  the  effective  constraint  on 
14, t ,s 

administrative  labor  is 


E .A  .yA  ,yA  yA 

U{C^  ^ „}c^  t,sR^t,sN^t,s-^ 


(160) 


4.  >0.  In  the  second 

14,t,s  - 


'i,t,s' 

from  which  it  follows  that  A. 
case,  the  inequality  in  (160)  is  reversed  and  so  is  the 
sign  of  Aj^4  y.  g.  Q.E.D. 


The  significance  of  lemma  VI 1-3  is  that  the  Lagrange 
multipliers  Aj^^  ^ g and  Aj^g  y.  g serve  as  indicators  of 
the  state  of  the  firm's  labor  requirements.  A positive 
value  indicates  a scarcity.  All  available  labor  of  that 
type  has  been  allocate.d  to  those  positions  in  which  they 
are  of  the  greatest  relative  value  to  the  firm  due  to 
the  rationing  role  played  by  A > 0 in  (159).  A negative 
value  indicates  the  opposite  situation.  There  is  a 
surplus  and  x < 0 in  (159)  acts  as  a subsidy.  This  case 
corresponds,  of  course,  to  the  temporary  hoarding  of 
administrative  and/or  scientific  and  engineering  labor. 
Moreover,  this  hoarding  is  of  a cyclical  character 


as  the  firm  finds  itself  alternating  between  periods 
of  scarcity  and  plenty  (and  ^ ^ and  ^ ^ alternating 
between  positive  and  negative  values  - though  not  necessarily 
in  synchronization). 

The  second  of  the  two  explanations  of  labor 
hoarding  is,  in  the  opinion  of  this  writer,  the  more 
likely  cause  of  the  hoarding  of  scientists  and  engineers 
during  the  periods  between  major  programs.  During  such 
periods  labor  hoarding  would  be  a rational  response  on 
the  part  of  the  contractor  provided  the  prorated  cost 
per  period  (in  terms  of  expected  collective  utility) 
attributable  to  severance,  search,  and  rehiring/retraining 
per  unit  of  (scientific  and  engineering)  labor  exceeded 
X,  the  amount  of  the  subsidy.  The  main  point  is  that 
'labor  hoarding'  might,  in  spite  of  the  negative  connotation 
the  terms  carries,  constitute  a rational  response  on 
the  part  of  the  contractor  to  its  cyclical  need  for  a 
specialized  class  of  labor,  the  market  for  which  is  imperfect. 

2.  Design-to-Cost 

The  second  major  procurement  policy  issue  that 

67 

is  discussed  in  this  section  concerns  design-to-cost, 
which  is  an  attempt  by  the  government  to  redesign  the 
weapons  acquisition  process  in  such  a way  that  the  massive 
cost  overruns  experienced  in  recent  years  can  be  avoided 
in  the  future.  The  purpose  of  this  subsection  is  to 
suggest  one  method  of  altering  the  current  procurement 
policy  that  would  reduce,  and  possibly  even  eliminate, 
the  cost  bias  exhibited  by  the  representative  airframe 
builder  modeled  in  (37). 
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As  discussed  In  section  B of  this  chapter,  for 


r 


‘ ( 


each  government  contract  c at  time  t and  state  of  nature 
s,  there  is  a target  cost  g,  an  actual  cost  g, 

and  a function  _Y^  which  expresses  the  proportion 

of  actual  costs  that  are  allowable  and  which  satisfies 
(9).  Suppose  that  the  government  were  to  establish 

as  the  absolute  cost  ceiling  for  contract  c at 

c t , s 

time  t and  state  s.  This  could  be  accomplished  within 
the  model  (37)  by  defining 


c^t , s^c^t , s^ 


i 


1,  if  C < C* 


l,C*/C,  if  C > C* 


(161) 


for  in  that  case  total  allowable  costs  are  equal  to 

if  C < C*,  and  are  equal  to 

C X I S 


c^t , s^c^t , s ^ *c^t , s 


c^t.s^c^t.s^-cCt.s  = (CVC).C  = C*.  if  C > C*. 
(161)  it  follows  that 

0. 


dC 


dll 

dC^ 


if  C < C* 

-C*/C?  , if  C > C* 

0,  if  C < C* 

2C*/C^,  if  C > C* 


V 


From 


(162) 


J 


With  y(C)  defined  by  (161),  it  follows  from  (8),  (15), 
and  (162)  that  for  an  aerospace  research  and  development 


contract , 

^ - rY(C)+Y'(C)*C]-^ 


f wJ , if  C < C* 
0,  if  C > C* 


(163) 
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Similarly,  for  an  aerospace  or  a non-aerospace  production 
contract, 

(l-e)w’^,  if  C < C* 

(164) 

0,  if  C > C*. 

It  also  follows  from  (8),  (15),  (32),  and  (162)  that  for 
an  aerospace  research  and  development  contract , 

0,  if  C < C* 


15. 

3L' 


J 


» (1-t){[y(C)+y'(C)*C]-^  - = I 

BL-J  3L-^  SL-J  I-(1-t)w^,  if  C > C* 


(165) 


Similarly,  for  an  aerospace  or  a non-aerospace  production 
contract , 


3it  ^ V 
3L'^ 


f -6(1-t)W^,  if  C < C* 
-(I-t)w'^,  if  C > C* 


(166) 


(163)- (166)  lead  to  the  following  theorem. 

Theorem  VI 1-19 

For  the  representative  airframe  builder  modeled 
in  (37),  the  cost  level  ^ ^ is  optimal  under 

government  aerospace  research  and  development  contracts 
and  the  optimal  cost  level  under  government  production 
contracts  is  some  cost  level  ^ £ c^*t  s'  That  is. 

In  neither  case  is  it  optimal  for  the  contractor  to  over- 

Proof 

In  the  case  of  research  and  development  contracts, 
it  follows  from  (163)  and  (165)  that  > 0 and 

3ii/3L'^  “0,  if  C < C*  but  that 

3R/3L^  - 0 and  3ti/3L'^  < 0,  if  C > C*  . (167) 

Thus,  when  C < C*  the  contractor  can  increase  revenue  without 
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suffering  a loss  of  net  income  by  increasing  . Thus, 
expected  collective  utility  must  increase  with  when 
C < C* . But  when  C > C*  increases  in  reduce  net  income 
without  increasing  revenue,  so  that  expected  collective 
utility  falls  as  increases.  Thus,  the  labor  usage 
level  that  gives  C * C*  is  optimal. 

In  the  case  of  production  contracts,  it  follows 
from  (164)  and  (166)  that  (167)  holds,  so  that  under 
government  production  contracts  it  is  again  not  optimal 
to  use  labor  beyond  the  level  for  which  C = C*.  However, 
since 

3R/3L  > 0 and  3ii/3L  <0,  if  C < C*, 

C = C*  is  not  necessarily  optimal.  The  optimal  level 
of  labor  usage,  which  by  the  foregoing  must  lead  to 
C < C*,  is  that  which  satisfies  the  necessary  condition 


(40),  which  may  be  written  as 

3F 

(l-6)w^{  }-(1-t)6wJ{  }+A„  ^ f = 0 . Q.E.D. 

The  significance  of  theorem  VII-19  is  that  it 
demonstrates  the  possibility  of  designing  government 
procurement  policy  to  prevent  overruns.  Whether  the 
government  would  want  to  be  as  restrictive  with  regard 
to  cost  allowability  as  (161)  Implies,  particularly  in 
an  era  of  high  inflation,  is  a much  more  difficult  issue 
to  resolve.  The  main  point  is  that  If  the  government 
were  to  Implement  an  effective  design-to-cost  policy  - 
one  coupled  with  tight  restrictions  regarding  the  allow- 
ability of  costs  exceeding  the  contract's  target  cost  - 

go 

the  problem  of  persistent  cost  overruns  could  be  ameliorated. 
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3.  Profit  '76 


The  last  major  procurement  policy  issue  discussed 

in  this  section  concerns  the  policy  changes  resulting 

70 

from  the  recently  completed  Profit  '76  study.  The 

purpose  of  this  subsection  is  to  explore  the  implications 

of  two  of  these  changes;  (i)  the  allowability  of  Interest 

expense  and  (ii)  the  introduction  of  capital  Investment 

as  one  of  the  determinants  of  the  contract  fee,  ir.  . 

C X ^ s 

As  a result  of  the  Profit  '76  study,  interest 

expense  is  now  an  allowable  cost  under  government  contracts. 

It  was  hoped  by  the  Profit  '76  study  team  that  making 

interest  expense  an  allowable  cost  would  encourage 

contractors  to  substitute  contractor-furnished  capital 

for  government-furnished  capital  for  work  done  under 

71 

government  contracts.  The  following  theorem  states  that 
the  representative  airframe  builder  modeled  in  (37)  would 
react  as  expected  to  the  policy  change  making  interest 
expense  an  allowable  cost. 

Theorem  VI 1-20 

The  representative  airframe  builder  modeled  in 
(37)  would  react  to  the  making  of  interest  expense  an 
allowable  cost  under  government  contracts  \'j  substituting 
contractor-furnished  capital  for  government-furnished 
capital . 

Proof 

As  before,  without  loss  of  generality  assume  the 
government  contract  is  of  the  aerospace  production  variety. 
It  follows  from  (8)  and  (15)  that 
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GA.t.s 


C u I s 


(I-B)Cy(C)  + Y’(C)-C](i^  g + 


(168) 


> (1-6)[y(C)  + Y'(C)*C]*6*q, 


It  also  follows  from  (8),  (15),  and  (32)  that 


t.s 


- (1-t){(1-6)[y(C)  + Y'(C)-C](i^  g + 

> (1-t){(1-8)[y(C)  + Y'(C)*C]-6-q^  g}  , 


(169) 


where  it  is  assumed  in  (168)  and  (169)  that  the  overall 

stock  of  contractor-furnished  capital,  K ^ g,  remains 
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fixed  and  where  the  inequalities  in  (168)  and  (169) 

follow  from  0<  t < 1 and  the  fact  that  (1-B)[y(C)  + Y'(C)’‘ 

C]i.  _*q^.  „ > 0.  Thus,  making  interest  expense  allowable 
V I S t y s 

r 

has  the  effect  of  increasing  both  3Rp.  ^ *■  o 

C XyS 
r 

9ii.  _/3_K  + „•  Since  3U-/3Rp.  - _ > 0 by  assumption, 
X|SCX|S  X \jA  f X I s 

it  follows  that  the  product 

3U-  , . 3R_.  . ^ 

^'^GA,t,s  3^K^*  g ’ 


which  appears  as  the  second  term  in  the  numerator  of 

the  expression  (73)  for  the  marginal  rate  of  technical 

substitution  between  government-furnished  capital  and 

contractor-furnished  capital,  must  have  Increased  as  a 

result  of  making  Interest  expense  an  allowable  cost. 

Similarly,  it  follows  from  theorem  VII-2  that 
*®1  1 t ® 

^♦t.s  -3.^i^^9,t,s,s*'^^ii.t,s,s-^> 

strictly  positive  at  optimality.  Hence  the  product 


'1  . 1 xt 


^^t.s  ■g,ii^^9,t,s,s''^^ll.t,s.s'>^3 

^ C t f 1 
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which  appears  as  the  third  term  in  the  numerator  of  (73), 
also  must  have  increased  as  a result  of  making  interest 
expense  an  allowable  cost.  Since  ^5^5  ^6  t s 

unaffected,  it  follows  that  the  marginal  rate  of  technical 
substitution  diminishes,  causing  contractor-furnished 
capital  to  be  substituted  for  government-furnished  capital, 
as  illustrated  above  in  figure  VII-1.  Q.E.D. 

The  significance  of  theorem  VI 1-20  is  that  making 

interest  expense  an  allowable  cost  will  have  the  desired 

«ffect  on  the  behavior  of  the  airframe  builder  modeled 

in  (37).  This  result  is  an  extension  of  corollary  VII-5-1 

because  it  makes  clear  how  the  allowability  of  interest 

expense  affects  contractor  behavior.  The  following  corollary 

contains  the  further  obvious  extension,  namely,  that 

increasing  the  cost  of  money  rate  i will  induce  a 

X I s 

further  substitution  of  contractor-furnished  capital  for 
government-furnished  capital. 

Corollary  VI 1-20-1 

Increasing  the  cost  of  money  rate  i^  ^ with 
which  the  imputed  interest  expense  under  government  contracts 
is  computed  will  have  the  effect  of  encouraging  contractors 
to  substitute  contractor- furnished  capital  for  government- 
furnished  capital. 

Proof 

It  follows  from  (8),  (15),  (16),  and  (32)  that 

^(||)  > 0 and  ~(|J)  > 0 , 
dT  di 

which  imply  by  (73)  that 


] 


1 

I 

4* 

4 

0 
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) < 0 . 


The  second  important  policy  change  resulting  from 

the  Profit  '76  study  discussed  in  this  section  concerns 

the  addition  of  contractor  investment  in  facilities  and 

equipment  to  the  list  of  factors  that  are  considered  in 

negotiating  the  contractor's  fee.  The  purpose  of  this 

change  was  to  provide  a direct  incentive  to  contractors 

to  modernize  their  facilities  and  to  purchase  new  labor- 

73 

saving  equipment.  As  proved  in  the  next  theorem,  this 
policy  change  will  have  the  desired  impact  on  the  behavior 
of  the  airframe  builder  modeled  in  (37). 

Theorem  VI 1-21 

By  making  the  fee  negotiated  for  each  government 

contract  a function  of  contractor  investment  in  facilities 

and  equipment,  and  hence,  by  making  net  income  a function 

74 

of  investment,  tt.  “ n „(I-  „),  the  government  will 

WyS  L|S  V|S 

stimulate  the  representative  airframe  builder  modeled 
in  (37)  to  increase  total  investment  (or  decrease  total 
disinvestment)  during  each  period  t and  state  of  nature  s. 
Proof 

Proceeding  as  in  the  development  of  the  necessary 
condition  (62)  for  optimal  investment,  both  (58)  and  (59) 
must  be  satisfied  simultaneously,  tiaking  the  contractor's 
net  income  directly  dependent  on  its  level  of  investment 
requires  that  (59)  be  modified.  The  new  necessary 
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condition  is 


1 t S 
U*  „ - J: 


t.s  37r^  ^ 1+r 


1+^ 


s 


s ' • 


S 

+ ( E A 
s 


(170) 


, )(-  TrT)+(  ^ ^ 
s’=l 


ll,t,s,s' 


.)(q^  o)  = 0 


Combining  (170)  and  (58)  and  rearranging  terms  yields 


S,t.s  ■*■ 


1 t S 

t.s  TnT^^T+r^  ■g,f^^^9,t,s,s'‘^^ll,t,s,s' ^ 


t,s 


371.  ^ 3U.  , . S 

^T^^^^.s  - .^(^9.t.s.s'-^^ll,t,s.s*>>(^-^)’‘  (^71) 

L|S  L>S  S*A 


t.s*'^^^IT7)^,^^^l,t+l.s',s^^l0.t,s“lt,s-^g.;/ll.t,s,s'‘''lt,s  ’ 


I 4-  0*^4-  c!“(  ^ ^■ 


. )q4 


where  the  right-hand  side  is  the  same  as  in  (62).  But 
since  (l+6){  }-|y  on  the  left-hand  side  of  (171)  is 

strictly  positive,  it  follows  that  the  adoption  of  contractor 
investment  as  a determinant  of  its  fee  has  the  effect 
of  increasing  the  marginal  value  of  each  unit  of  capital 
without  affecting  marginal  cost,  thereby  Inducing  an 
increase  in  contractor  investment,  as  illustrated  in 
figure  VII-2.  Q.E.D. 


The  significance  of  theorem  VII-21  is  that  it 
indicates  that  making  the  contractor's  fee  dependent  on 
its  level  of  investment  will  produce  the  desired  effect 
by  augmenting  the  marginal  value  of  capital.  That  is, 
contractor  investment  still  has  an  indirect  effect  on 
expected  collective  utility,  which  is  measured  by  Ag  ^ g. 
and  in  addition,  a direct  effect  on  net  income  and  expected 


1174 


marginal  value 
marginal  cost 
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Figure  VII-2  Increase  in  the  Optimal  Stock 

of  Contractor-Furnished  Capital 
Due  to  tt(I)  Relationship 

collective  utility,  which  is  represented  by  the  term 
(1+6 ){  in  (171).  Given  any  initial  capital  stock, 

the  effect  of  the  policy  change  under  discussion  is  to 

—Q 

increase  the  optimal  size  of  the  capital  stock  K , as 
illustrated  in  figure  VII-2,  by  causing  the  marginal 
value  of  capital  curve  to  shift  to  the  right.  It  should 
be  noted  that  if  contractor-furnished  capital  is  in  surplus, 
i.e.  if  there  is  strict  inequality  in  (6)  and  ^5  ^ s ” 
the  policy  change  under  discussion  causes  the  contractor 
to  reduce  disinvestment,  or  possibly  even  to  engage  in  net 
investment  when  disinvestment  would  otherwise  be  called 
for.  On  the  one  hand,  such  investment  could  have  the 
positive  effect  of  improving  the  quality  of  the  firm's 
capital  stock,  while  on  the  other  hand,  it  could  also 
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have  the  negative  effect  of  exacerbating  the  problem  of 
excess  capacity.  Hence,  the  incentive  structure  needs 
to  be  carefully  designed  so  as  to  ensure  that  the  quality- 
quantity  trade  offs  made  by  the  various  contractors  are 
optimal  from  the  government's  standpoint. 

This  subsection  has  used  the  representative  air- 
frame builder  model  developed  earlier  in  this  chapter  to 
demonstrate  that  two  of  the  important  changes  resulting 
from  the  Profit  '76  study  - making  interest  expense  an 
allowable  cost  and  making  contractor  investment  in  facilities 
and  equipment  one  of  the  determinants  of  the  contractor's 
fee  - will  have  the  desired  impact  on  contractor  behavior. 

F.  CHAPTER  SUMMARY 

In  this  chapter  a model  of  a representative  airframe 
builder  was  developed  in  two  stages.  At  the  first  stage, 
the  model  was  formulated  under  the  assumption  that  the 
recognition  of  revenue  and  fee  by  the  contractor  is  perfectly 
matched  by  a flow  of  cash  from  the  government  to  the 
contractor.  This  was  done  in  section  B,  and  the  implications 
of  the  model  concerning  the  optimal  operatlag  and  financial 
policies  of  the  representative  airframe  builder  were 
explored  in  section  C. 

At  the  second  stage  of  the  model’s  development, 
progress  payments,  or  cash  payments  to  the  contractor 
amounting  to  some  fixed  proportion  p < 1 of  allowable 
costs  under  each  ongoing  production  contract,  were  Incorporated 
into  the  model.  This  was  done  in  section  D,  where  it 


i i 


t 
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was  also  found  that  the  progress  payments  policy  produces 
cash  flow  effects  that  tend  to  force  the  firm  to  alter 
its  labor  usage  policy  (theorem  VII-16)  and  its  invest- 
ment behavior  (theorem  VI 1-17).  In  particular,  where 
cash  flow  is  restricted,  so  too  is  labor  usage  under 
government  contracts,  and  where  cash  flow  is  enhanced, 
so  too  is  labor  usage. 

The  model  was  used  in  section  E to  explore  several 
additional  procurement  policy  issues.  Two  explanations 
were  offered  for  the  often  cited  hoarding  of  administrative, 
scientific,  and  engineering  labor  by  defense  contractors, 
and  it  was  suggested  that  such  behavior  may  in  fact  be  a 
rational  response  by  contractors  to  their  cyclical  needs 
for  labor.  In  addition,  it  was  suggested  how  the  treat- 
ment of  the  allowability  of  costs  could  be  handled  so  as 
to  eliminate,  or  at  least  reduce  the  likelihood  of, 
cost  overruns,  and  it  was  shown  that  the  representative 
airframe  builder  would  react  in  the  expected  manner  to 
the  Profit  '76  study's  policies  of  making  interest  expense 
allowable  (theorem  VII-PO)  and  of  making  contract  fees 
sensitive  to  contractor  investment  (theorem  VII-21). 

The  representative  airframe  builder  model  formulated 
in  this  chapter  is  an  extension  of  the  author's  basic 
theoretical  model,  which  is  developed  and  analyzed  in 
chapters  three  through  five  of  this  thesis.  The  optimality 
rules  established  in  this  chapter  (theorems  VII-1, 

VII-3,  VII-4,  VII-6,  VII-7,  VII-10,  VII-11,  and  VII-18) 
are  similar  to  rules  developed  in  chapter  four.  As  in 
chapters  three  through  five,  it  was  found  that  the 
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representative  airframe  builder  tends  to  use  more  labor 
t and  produce  more  output  than  a short  run  profit  maximizer 

(theorems  VII-2  and  VII-15).  As  in  chapter  four,  it 
was  found  that  the  airframe  builder's  optimal  operating 
policies  are  not,  in  general,  independent  of  financial 
considerations  (theorems  VII-13  and  VII-15  and  corollaries 
VII-12-2  and  VII-15-2). 
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1.  Stekler,  op.  cit . ; Carroll,  op.  cit . ; and  Rldder 
and  Heinz,  op.  cit. 

2.  Peck  and  Scherer,  op.  cit. ; Scherer,  The  Weapons 
Acquisition  Process:  Economic  Incentives,  op.  cit . ; 
and  Fox,  op.  cit. 

3.  Scherer,  The  Theory  of  Contractual  Incentives  for 

Cost  Reduction,  op.  cit . ; McCall,  The  Simple  Economics 
of  Incentive  Contracting,  op.  cit . ; and  Baron, 

Incentive  Contracts  and  Competitive  Bidding,  op.  cit. 

4.  In  Scherer's  model  the  firm  is  assumed  to  maximize 
the  expected  value  of  its  contract  profit.  Scherer, 

The  Theory  of  Contractual  Incentives  for  Cost  Reduction, 
op.  cit . , p.  261.  Later  in  the  paper  Scherer  suggests 
how  to  generalize  the  basic  model  to  take  into  account 
contractor  risk  aversion.  The  generalization  involves 

a managerial  utility  function  that  has  the  following 
three  arguments;  the  expected  value  of  long  run 
profits,  the  probability  of  an  outright  loss  on  the 
contract,  and  the  disagreeableness  of  cost  reduction 
actions.  Ibid. , p.  276.  In  McCall's  model  the  firm 
is  assumed  to  maximize  expected  profits.  McCall, 

The  Simple  Economics  of  Incentive  Contracting,  op.  cit . , 
p.  83d.  In  Baron's  model  the  firm  is  assumed  to 
maximize  the  expected  utility  of  total  wealth. 

Baron,  Incentive  Contracts  and  Competitive  Bidding, 
op.  cit . , p.  386. 

5.  Gorgol,  op.  cit. 

6.  C.R.  Jones,  "A  Representative  Defense  Contractor: 

Model  Specification  I,"  technical  report  (Naval 
Postgraduate  School;  Monterey,  Calif.;  June  1975). 

7.  Ibid. , p.  9. 

8 Scherer  has  provided  empirical  support  for  the  assumption 
that  defense  contractors  are  risk  averse.  Scherer, 

The  Theory  of  Contractual  Incentives  for  Cost  Reduction, 
op.  cit.,  pp.  273-276^  Baron  and  Jones  also  assume 
risk  aversion.  Baron,  Incentive  Contracts  and 
Competitive  Bidding,  op.  cit.,  and  Jones,  op.  cit. 

9.  Department  of  Defense  Directive  5000.28,  "Design 
to  Cost"  (May  23,  1975). 
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10.  Profit  '76  Summary  Report  (U.S.  Government  Printing 
Office;  Washington,  D.C. ; December  7,  1976). 

11.  Jones,  op . cit . , p.  16,  makes  the  same  assumption. 

12.  Ibid. 

13.  Research  and  development  contracts  could  also  be 
distinguished  from  test  and  evaluation  contracts. 

Ibid. , pp.  13-20.  For  convenience,  the  two  are 
treated  collectively.  In  the  opinion  of  this  writer, 
the  differences  between  manufacturing  contracts  on 
the  one  hand  and  research  and  development  contracts 
and  test  and  evaluation  contracts  on  the  other  are 
significant  enough  as  to  preclude  treating  all 
three  types  collectively. 

14.  See  sections  E and  F of  chapter  four  for  a discussion 
of  the  meaning  of  'complete'  and  'incomplete'  markets 
for  contingent  claims  for  outputs. 

15.  The  variable  ^E,  where  the  subscript  c denotes 

the  contract,  measures  the  overall  effectiveness 
of  the  weapons  system  produced  under  contract  c, 
and  in  addition,  the  firm's  overall  performance 
(e.g.  in  meeting  delivery  schedules  under  the  contract). 
Thus,  ^E  is  best  regarded  as  a contract-specific 

index  of  effectiveness/performance.  In  theory  at 
least,  such  an  index  could  be  constructed  as  a 
composite  index,  with  the  scales  adopted  in  constructing 
each  of  the  component  indexes  based  on  provisions 
of  the  contract  (e.g.  penalties  for  deviating  from 
the  delivery  schedule),  and  with  the  composite  index 
formed  by  weighting  the  component  indexes  according 
to  the  contractor's  perception  of  how  the  government 
would  weight  them. 

16.  Note  that  incorporating  K(T)  also  allows  for  growth 
as  an  objective.  However,  due  to  the  substantial 
excess  capacity  in  the  industry,  the  two  indicators 
of  growth  could  move  in  opposite  directions,  i.e. 
sales  and  backlogs  could  be  increasing  at  the  same 
time  that  capacity  was  decreasing. 

17.  As  argued  below,  (1)  may  be  interpreted  as  the 
embodiment  of  the  goals  and  objectives  of  the  firm 
as  formulated  each  year  at  the  beginning  of  the 
planning  process  described  in  chapter  six.  In  the 
model  r is  assumed  to  be  an  exogenously  determined 
constant.  In  actuality,  r would  be  selected  by 
the  firm's  planners  at  time  t ■ 0.  It  should  be 
noted  that,  since  planning  is  repeated  in  an  annual 
cycle,  r could  change  in  a real  time  sense  (i.e. 
from  one  plan  to  the  next/.  But  within  each  planning 
cycle,  and  hence  within  the  model,  it  is  reasonable, 

in  the  opinion  of  this  writer,  to  treat  r as  a constant. 
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18.  Similar  treatments  have  been  given  defense  contractor 
productive  resources  in  ibid . and  in  Peck  and  Scherer 
op.  cit. 

19.  The  historical  importance  of  the  two  classes  of 
capital  are  discussed  in  ibid . , ch.  6. 

20.  Defense  Procurement  Circular  No.  76-3,  op.  cit. 

21.  Jones,  op.  cit . , pp.  16,  22. 

22.  Jones  treats  performance/effectiveness  in  a similar 
manner,  although  he  allows  explicitly  for  multiple 
performance/effectiveness  criteria.  Ibid. 

23.  Jones  defines  contract-specific  production  functions 
similarly.  Ibid. 

24.  Note  that  in  (5),  as  in  (4),  for  any  time  t and 
any  state  of  nature  s,  the  output  level  at  t in 

s,  i,Q*  (k  = R or  N)  is  defined  implicitly  as 

a function  of  other  possible  output  levels  at  t 
in  the  other  S - 1 possible  states  that  might  obtain 
at  t,  as  well  as  of  the  possible  output  levels  at 
other  dates  and  states  (f,  s),  t ^ t'.  That  is, 
the  technological  relationship  between  inputs  and 
outputs  is  defined  implicitly  over  the  entire  time 
period  0 £ t £ T and  over  all  possible  states  that 
might  obtain  at  any  time  t,  0 £ t £ T.  For  given 

t,  0 ^ t £ T,  and  for  any  two  states  s and  s'  that 

might  obtain  at  time  t,  the  marginal  rate  of  transformation 

^k^^t  s’  ^^k/^k*^t  s 

can  be  interpreted  as  the  instantaneous  rate  at 
which  a unit  of  output  contingent  upon  state  s 
occurring  could  be  traded  off  for  a unit  of  output 
contingent  upon  state  s’  occurring,  where  this  rate 
of  trade  off  is  conditioned  by  the  alternative  productive 
techniques  that  will  be  available  in  these  two  states, 
as  well  as  by  input  and  output  levels  in  previous 
periods,  and  where  all  input  levels  and  all  other 
output  levels  are,  by  definition,  held  fixed. 

25.  Another  way  of  formulating  the  constraints  (7)  is 
to  specify  a slack  variable  for  each  to  stand  for 
the  allocation  of  labor  to  ’special’  projects  during 
periods  (and  states  of  nature)  when  the  rate  of 
production  slackens.  (7)  does  not  allow  for  this 
device,  but  rather,  assumes  that  all  available 
administrative  labor  and  engineering  and  scientific 
labor  are  allocated  to  ongoing  government  contracts 
or  to  commercial  production. 

26.  Defense  Procurement  Circular  No.  76-3,  op.  cit. . p.l2. 

27.  Ibid. . p.  30. 
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Note  that  since  1.  is  a money  rate  of  interest, 

t , s 

total  interest  expense  must  be  computed  by  mult  plying 

_ C 

i.  by  the  value  of  fixed  assets,  • K . 

O.E.  Williamson,  The  Economics  of  Defense  Contracting: 
Incentives  and  Performance,  op.  cit . : S.  Sheffrin 
and  R.  Spady,  "The  Persistence  of  Cost  Overruns," 
Journal  of  Economic  Issues  (vol.  10;  no.  June 
1976) , pp . 404-415;  M.h.  Dohan , "Cv>ol  Maximization 
and  Buyer  Dependence  on  Seller  Provided  Information," 
Journal  of  Economic  Issues  (vol.  10;  no.  2;  June 
1976),  pp.  430-452;  and  L.J.  Dumas,  "Payment  Functions 
and  the  Productive  Efficiency  of  Military  Industrial 
Firms,"  Journal  of  Economic  Issues  (vol.  10;  no.  2; 
June  1976),  pp.  454-474 . 

It  is  assumed  here  that  final  bidding  on  major 
programs  does  not  take  place  until  production  is 
ready  to  begin.  When  bidding  takes  place  before 
the  end  of  the  development  process,  then  for  the 
purposes  of  this  paper,  subsequent  development 
contracts  are  treated  as  production  contracts. 

The  line  of  demarcation  between  'research  and  develop- 
ment contracts'  and  'production  contracts'  in  this 
paper  is  the  contract  for  which  final  bidding  for 
the  entire  program  takes  place.  Because  of  the 
learning  curve  effect  discussed  in  chapter  six, 
once  such  bidding  has  taken  place  the  government 
is  virtually  obligated  to  sole  source  its  purchases 
from  that  point  in  time  onward,  with  the  consequence 
that  all  subsequent  contracts  are  determined  under 
conditions  of  bilateral  monopoly. 


This  is  the  type  most  frequently  adopted,  although 
later  production  contracts  may  be  of  the  firm- fixed- 
price  type.  Defense  Procurement  Circular  No.  76-3, 
op.  cit.  . p.  VS~. 

That  is,  the  government  reimburses  the  contractor 
for  a proportion  1 - 6^  of  costs  in  excess  of 

the  target  cost  and  the  contractor  ‘rc .urns'  to  the 
government  the  same  proportion  of  cost  savings  in 
the  event  that  actual  cost  is  less  than  „ 


Normally,  0 < ^.g^.s 


< .3. 


Scherer,  The  Theory  of  Contractual  Incentives  for 
Cost  Reduction,  op.  cit.,  p.  268. 

Cost  floors  can  be  Ignored,  since  seldom  have  major 
programs  had  cost  underruns  in  recent  years.  It 
should  be  noted  that  if  cost  ceilings  are  ignored 
altogether,  then  the  contract  is  really  of  the 
cost-plus-lncentlve-fee  (CPIF)  type.  In  addition 
to  the  use  of  a second  possible  Justification 

for  ignoring  explicit  cost  ceilings  is  the  fact  that 
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the  goveriunent  has  shown  a willingness  in  recent 
years  to  modify  contracts  so  that  contractors  can 
be  compensated  for  overruns. 


w 


( 


( 


! 


35.  Since  a.  ^ and  ^6^  _ will  actually  depend  on  the 

Ct|S 

government's  bargaining  posture,  variability  in 

and  6^  in  response  to  the  contractor-govern- 

CVfS  CUyS 

ment  interaction  is  allowed  for  in  the  definition 
of  the  states  of  nature. 

36.  As  a check,  note  that  ^ = C.  , as  it 

should.  ^ ^ 

37.  Note  that  nothing  requires  that  i.  since 

the  latter  is  the  result  of  current  government  procure- 
ment policy  while  the  former  reflects  the  state 
of  the  financial  markets. 

38.  The  use  of  the  prefix  'quasi'  is  intended  to  denote 
the  fact  that  the  price-quantity  relationship  modeled 

in  (35)  is  dependent  implicitly  on  prices  and  quantities 
from  previous  periods,  which  makes  it  different 
from  the  usual  demand  function. 

39.  Where  it  is  assumed  that  all  decision  variables  but 

C.  and  all  state  variables  are  strictly  positive 
t , s 

all  along  their  time-state  trajectories.  The  reason 
for  giving  precautionary  balances  special  treatment 
is  discussed  below. 

40.  See  section  B of  chapter  two  of  this  thesis. 

41.  Note  that  because  of  lemma  VI 1-2  it  is  possible 
to  state  a more  general  result  that  permits  the 
states  at  times  t and  t - 1 to  differ.  By  holding 
the  state  of  nature  fixed  in  corollary  VII-1-2 

it  is  the  author's  intention  to  focus  on  the  'pure' 

Intertemporal  nature  of  the  allocation. 

42.  Peck  and  Scherer,  op.  cit . : Fox,  op.  cit . ; Suarez, 
op.  cit . : Sheffrin  and  Spady,  op.  cit . ; Dohan, 

op.  cit . ; and  Dumas,  op.  cit. 

43.  It  is  shown  below  in  lemma  VII-1  that  X_  < 0 at 

^ , c . 

optimality  when  is  defined  so  that  s ^ 

By  the  assumed  concavity  of  F^,  s^*  ^ 

44.  Note  that  it  follows  from  the  derivation  of  (47)  i 

that  3*R/3(lJ)*  < 0.  j 

45.  Recent  procurement  policy  changes  have  worked  in  I 

the  opposite  direction.  For  example,  past  performance  r 

has  been  deleted  from  the  list  of  weighted  guidelines  [ 

that  are  used  to  establish  the  target  fee.  Defense  j 

Procurement  Circular  No.  76-3.  op.  cit . . p.  11 . ! 

I 


46.  This  Is  an  important  qualification  because  one  of 

the  major  reasons  given  for  dropping  past  performance 
from  the  list  of  weighted  guidelines  was  the  lack 
of  an  objective  measure  of  past  contractor  performance. 


47.  Note  that  if  A-  . ^ * 0,  then  from  (66),  either 

= 0 or  s ~ general,  X^^  f 0. 

Since  the  marginal  productivity  of  capital  is  given  by 

IQ  . 3F/3K^ 

^ " SF/3Q  ’ 

3F/3K  = 0 implies  that  the  marginal  productivity 
of  capital  is  zero  at  optimality.  If  it  is  assumed 

that  3F/3K^  < 0 for  all  K^,  then  it  can  be  inferred 
that  X-  . „ > 0 and  X < 0 at  optimality. 

O ^ X f S J6 


In  general. 


48.  As  in  the  case  of  X,  ^ it  is  possible,  though 

D y X y S 

_ . = 0 at  optimality, 

6 , t , s 

0 (as  shown  below  in  lemma  VII-1),  so  that 
X-  . - 0 =>  3Q/3K°  * 0 

by  the  same  line  of  argument  employed  in  footnote 
47.  If  it  is  assumed  that  3F/3K^  < 0 for  all  values 


As  in  the  case  of 
unlikely,  that  X 

^2,c 


of  K^, 
^6,t,s 


then  it  may  be  inferred  that,  in  general. 


> 0 at  optimality.  The  special  case  X 


6,t,s 


is  considered  in  corollary  VI 1-5-2. 


49.  See  footnote  24  for  an  interpretation  of  this  particular 
marginal  rate  of  transformation. 


50.  Henderson  and  Quandt,  op.  cit . . p.  95. 


51.  Note  that  it  follows  from  (9)  that  y(C)  < 1 and 
Y'(C)  < 0,  and  hence,  that  y’(C)*C  + y(CT  £ 1- 
Since  ZT  < B < 1 it  follows  that  the  expression  within 
braces  on  the  right-hand  side  of  (90)  is  always 
strictly  positive.  Therefore,  it  is  not  assured 
that  (90)  must  hold  for  all  t and  s,  although  it 
is  argued  in  the  next  footnote  that  or.e  would  expect 
(90)  to  hold  normally. 


52.  (91)  is  demonstrated  as  follows.  From  (8)  and  (15), 

3U, 

- (1-6)[y'(C)*C  + Y(C)]Wj  , (♦) 

^'GA  , t , s 

and  from  (8)  and  (32), 

3Uj 


3if 


t,s 


(1-t){(1-6)[y'(C)*C  + Y(C)]Wj  - Wj)  . (**) 
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Then 


( 


( 


9U  3R  . 3U  3Tiw_l_vt 

^♦t.s  n:  ^ T?  3r>(TT?>  i ^ 


3U  3R  ^ 3U  3ti  ^ ^ 
71  3L  y?  ■§!  - ° 


<=»  ||{(i_e)[Y.(C).C  + Y(C)]Wj} 


+ |^{(1-t)[(1-6)[y'(C)-C  + Y(C)]Wj 


Wj]}  > 0 


3U/3?  - ^^■■^^^(1-3)[Y' (C)*C  + Y(C)  j ’ 

where  the  first  implication  follows  from  4*4.  „>  0 

L , S 

and  r > 0;  where  the  second  follows  by  substitution 
of  (*)  and  (♦*);  and  where  the  third  follows  by 
dividing  through  by 

(3U/37r)(l-0)[Y'(C)*C  + y(C)]Wj  > 0. 

(91)  implies  that  (90)  would  be  expected  to  hold 
normally.  That  is,  one  would  expect  that  for  the 
airframe  builder  modeled  in  (37),  further  increases 
in  labor  usage  under  any  government  contract  would 
lead  to  Increases  in  expected  collective  utility, 
but  that  the  firm  was  constrained  from  doing  so 
by  the  potential  balance  sheet  and  cash  flow  impacts 
of  such  increases. 


53.  This  interpretation  follows  from  the  steps  carried 
out  in  footnote  52  - i.e.  the  right-hand  side  of 
(90)  is  identically  equal  to 

31I/3L 
3R/3L  * 


54.  That  is,  a change  in  the  debt  level  has  an  immediate 
impact  on  cash  flow  since  the  firm's  bond  interest 
obligations  are  altered.  A change  in  the  rate  of 
issues/redemptions  also  has  an  immediate  cash  impact 
as  new  debt  issues  are  a source  of  cash  while  redemptions 
use  up  cash.  In  addition,  a change  in  the  level  of 
debt  outstanding  in  the  current  period  will,  given 
the  firm's  debt  requirements  next  period,  affect 
next  period’s  required  issues/redemptions  decision, 
which  in  turn  will  affect  next  period's  average 
interest  rate  i ■ i(B,  Y).  This  impact  is  measured 
S 


by  - E A 


,;;j''7,t+i,s' 


in  (100). 


55.  This  is  necessary  because  the  Impact  of  changing 
capital  goods  prices  on  the  optimum  size  of  the 
firm's  capital  stock  is  dependent  on  both  the  state 
of  nature  at  time  t and  the  state  of  nature  at 
time  t ♦ 1.  The  change  in  capital  goods  prices. 
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as  it  affects  the  optimum  size  of  the  capital  stock, 
is  thus  computed  below  as  a mathematical  expectation 
with  respect  to  the  states  s that  might  obtain  at 
t and  the  states  s'  that  might  obtain  at  t + 1. 

56.  As  noted  in  section  E of  chapter  four,  the  Lagrange 

multiplier  for  the  balance  sheet  identity,  in  this 
case  A.,_  is  measured  in  utility  units.  By 

dividing  each  side  of  (109)  and  (110)  through  by 

the  coefficient  { } of  the  (l-T)q  *6  term  in 

t , s 

(110),  this  units  problem  can  be  avoided. 

57.  These  separability  theorems  are  discussed  in  sections 
I and  K of  chapter  two  of  this  thesis. 

58.  Just  how  much  smaller  depends  on  the  magnitude 

of  3^F./3(.Q.  )*,  which  reflects  indirectly  the 

X X c I s 

change  in  input  requirements  (since  the  constraint 
Fj^[  ] = 0 must  be  satisfied  in  equilibrium).  These 

secondary  effects  are  ignored,  and  hence  the  qualification 
'tends  to'  in  the  statement  of  the  theorem. 


59.  The  interpretation  of  (90)  is  discussed  above  in  the 
remark  following  the  proof  of  lemma  VII-1.  Also, 
note  that  if  (90)  fails  to  hold  at  optimality,  the 

i sign  of  the  sum  on  the  left-hand  side  of  (120)  becomes 

indeterminate. 

60.  See  section  I of  chapter  two  of  this  thesis. 


61.  Typically  p * 0.8.  Actually,  the  constant  p constitutes 
an  upper  bound  on  the  proportionate  flow  of  cash 

from  the  government  to  the  contractor.  For  example, 
if  the  government  is  dissatisfied  with  the  item 
under  production  or  with  the  rate  of  production, 
it  can  pay  a proportion  smaller  than  p.  The  model 
developed  in  this  section  abstracts  from  this  complication. 

62.  Note  that  the  effect  on  discounted  expected  collective 
utility  of  cumulative  allowable  costs  that  is  embodied 
in  is  related  to,  though  is  not  ide'.tical  to, 

the  backlog  effect  embodied  in  Ug.  The  latter  is 

sensitive  only  to  allowable  costs  in  the  terminal 
period  and  involves  the  quantity  of  units  that  are 
planned  to  be  sold  to  the  government  beyond  the 
planning  horizon.  The  cumulative  allowable  costs 
are  of  interest  primarily  for  their  financial  and 
cash  flow  Impacts  at  the  time  the  fee  is  determined 
(again,  beyond  the  planning  horizon). 

63.  The  foregoing  statements  suggest  conditions  that 
would  be  sufficient  to  determine  the  sign  of  6 

in  (151).  They  also  suggest  the  basis  for  an  empirical 
investigation  of  the  cash  flow  Impact  of  the  govern- 
ment's progress  payments  policy.  For  example, 
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one  would  expect  to  find  systematic  variations  in 
commercial  receivables  and  payables  and  in  borrowing 
requirements  over  time  depending  on  the  relative 
r / cash-generating  and  cash-absorbing  impact  of  govern- 

V ment  contracts. 
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64.  Note  that  the  shape  of  the  isoquant  in  the  figure 
implies  that  contractor-furnished  capital  and  govern- 
ment-furnished capital  are  not  perfect  substitutes. 

This  is  consistent  with  the  form  of  the  production 
function  (4),  which  contains  these  two  types  of 
capital  as  separate  arguments. 

65.  See  subsection  5 in  section  E of  chapter  six,  and 
see  also  footnote  180  of  chapter  six. 

66.  The  discussion  could  also  proceed  in  terms  of  the 
modified  model  (142),  although  care  would  have  to 

be  taken  to  specify  the  date  of  contract  termination. 
The  use  of  (37)  avoids  this  complication  (without 
biasing  the  results). 

67.  Department  of  Defense  Directive  5000.28,  "Design 
to  Cost,"  op.  cit. 

68.  Strictly  speaking,  deslgn-to-cost  is  concerned  with 

unit  cost,  and  only  indirectly  with  total  contract 

cost.  However,  since  a given  order  quantity  Q. 

C X ^ s 

and  a given  unit  cost  imply  a particular  total 

contract  (target)  cost  „,  it  is  the  opinion 

C X y s 

of  this  writer  that  dealing  directly  with  total 
contract  cost  is  at  least  consistent  in  spirit  with 
the  design-to-cost  policy  and  should  not  bias  seriously 
the  results  obtained  in  this  subsection. 

69.  A particularly  important  possibility  from  which  this 
subsection  has  abstracted  is  the  possibility  of 
bankruptcy,  which,  in  view  of  Lockheed's  difficulties 
under  the  C-5A  contract  and  Grumman 's  difficulties 
under  the  F-14  contract,  would  have  to  be  considered 
carefully  before  the  more  restrictive  attitude  toward 
overruns  discussed  in  this  subsection  could  actually 
be  implemented.  This  subsection  was  concerned  with 
an  'if  ...  then'  type  of  analysis,  rather  than  with 
trying  to  recomnend  a specific  course  for  govern- 
ment procurement  policy. 

70.  Profit  '76  Summary  Report,  op.  cit. 

71.  Ibid. 

72.  Given  the  excess  capacity  in  the  aerospace  industry, 
this  is  not  an  unreasonable  assumption.  Moreover, 
specific  Incentives  to  encourage  Investment  in 
contractor-furnished  capital  are  considered  later 

in  this  subsection. 
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73.  Ibid. 

74.  It  follows  from  the  change  In  procurement  policy 

that  functions  of  the  form  ti.  = it.  ( I.  ), 

c t,s  c t,s  c t.s" 

where  I denotes  contract-specific  investment, 

C X ^ s 

can  be  defined.  It  is  assumed  here  for  convenience 
that  these  contract-specific  functions  can  be  used 
to  define  net  income  as  a function  of  overall  invest- 
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APPENDIX  TO  CHAPTER  SEVEN 


DEFINITION  OF  SYMBOLS 


Roman 


index  denoting  the  time  period,  where  t * 0, 

1,  T,  with  t = 0 denoting  the  initial 

period  (in  which  the  values  of  all  relevant 
quantities  are  assumed  to  be  known  with  certainty) 
and  with  t = T denoting  thv>  terminal  period 

index  denoting  the  state  of  nature,  where 
s = 1 , . . . , S 

ordered  pair  denoting  the  state  of  nature  s 
at  time  t 

the  total  quantity  of  debt  outstanding  (loosely, 
•bonds' 

total  contract  backlogs  (as  of  the  terminal 
period) 

contract-specific  backlog  function,  expressing 
total  contract  order  backlog  as  a function  of 
unit  cost  and  weapons  system  effectiveness/ 
contract  performance  in  the  terminal  period 

total  cash  (listed  in  the  balance  sheet) 

total  precautionary  cash  balances 


total  transactions  cash  balances 

t,s 
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set  of  government  contracts  for  aerospace  research 
and  development  ongoing  at  t in  s 


^2,t.s 


set  of  government  contracts  for  aerospace  manufacturing 
ongoing  at  t in  s 


3 , t , s 


i.t.s 


c^t , s 


cC%.s 


C* 

c o 


c^t , s 


t,s 


t ,s 


't.s 


K^'t.s 


R^t.s 


set  of  government  contracts  for  non-aerospace 
manufacturing  ongoing  at  t in  s 

denotes  the  set  of  government  contracts  of  type 
i,  i “ 1,  2,  3,  that  remain  ongoing  after  t in  s 

denotes  the  set  of  government  contracts  of  type 
i,  i = 1,  2,  3,  that  terminate  at  t in  s 

actual  cost  under  government  contract  c 

target  cost  for  government  contract  c won  at 
t in  s 

target  cost  for  government  contracts  ongoing 
at  t = 0 

accumulated  allowable  costs  as  of  t and  s under 
government  contract  c 

dividend  per  share  (exogenously  determined) 

total  dividends  paid 

retained  earnings 

expectations  operator 

book  value  of  total  equity 

book  value  of  contributed  capital 

book  value  of  accumulated  retained  earnings 


s 

'I 

O 

t 

\ 

I 


lion 


c^t  s weapons  system  effectiveness/contract  performance 
under  government  contract  c 


government  contract-specific  production  function 

production  function  for  commercial  non-aerospace 
product 

production  function  for  commercial  aerospace 
product 

average  interest  rate  on  debt 

cost  of  money  rate  (exogenously  determined) 

total  investment  in  capital  (measured  in  physical 
units) 

total  stock  of  contractor-furnished  capital 
total  stock  of  government-furnished  capital 


c t ,s 


quantity  of  contractor-furnished  capital  employed 
under  government  contract  c 


„K  „ quantity  of  contractor-furnished  capital  employed 
in  commercial  non-aerospace  production 

p 

t s quantity  of  contractor-furnished  capital  employed 
in  commercial  aerospace  production 


_ quantity  of  government-furnished  capital  employed 

C V y 6 

under  government  contract  c 


exogenously  determined  constant  level  of  administrative 
labor 


exogenously  determined  constant  level  of  engineering 
and  scientific  labor 
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L".  ] amounts  of  administrative  labor  employed  under 

C t f s 


government  contract  c,  in  commercial  non-aerospace 
t,s  j production  N,  and  in  commercial  aerospace  production 
A 1 R, respectively 


t,s 


L ^ ■ amounts  of  engineering  and  scientific  labor  employed 

C c I s , 

J.  ^ under  government  contract  c,  in  commercial  non- 


N t,s  I aerospace  production  N,  and  in  commercial  aero- 


I space  production  R,  respectively 
R^  t.sj 


M ^ 

L . amounts  of  manufacturing  labor  employed  under 

t , s j 

( government  contract  c,  in  commercial  non-aerospace 


M 


N t,s  ''  production  N,  and  in  commercial  aerospace  production 


-M  ' R,  respectively 
R^  t.s 


M 


t , s 


total  managerial  emoluments  paid 


n 


t , s 


total  number  of  equity  shares  outstanding 


„p^  price  of  non-aerospace  commercial  product  (expressed 

N u y s 


as  a function  of  „) 

n X 9 s 


RPt,s 


price  of  aerospace  commercial  product  (expressed 
as  a function  of  g) 


‘t , s 


price  per  unit  of  (physical)  capital 


c^t  ,s 


output  (per  period)  under  government  contract  c 


c^*t , s 


total  volume  of  physical  output  specified  in 
government  contract  c won  at  t in  s 


Q*  total  volume  of  physical  output  specified  in 

c o 


government  contract  c ongoing  at  t « 0 


„Q.  output  (per  period)  of  non-aerospace  commercial 

N X ^ 8 


product 


bQ*.  output  (per  period)  of  aerospace  commercial 

R X I 8 


product 


) 


O 
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discount  rate  (exogenously  determined  and  taken 
to  be  constant  throughout  the  planning  period) 


R 


t,s 


total  accounts  receivable 


R, 


GA , t , s 


total  revenue  earned  on  aerospace  sales  to  the 
government 


total  revenue  earned  on  non-aerospace  sales 

VJ>J  y V y S 

to  the  government 


B_.  ^ total  revenue  earned  on  commercial  aerospace  sales 

CA  f w I S 

R^«  ^ total  revenue  earned  on  commercial  non-aerospace 
CO , t , s 

sales 


R.  total  revenue  earned  under  government  contract  c 

C L I S 


u. 


u. 


u. 


J 


t,s 


collective  utility  functions 


stock  market  value  of  a share  of  stock 


V,  value  of  inventories  (recorded  in  the  balance 

t ,s 

sheet ) 


1 

\ 

J 


t,s 


't,s 


unit  prices  of  administrative  labor  A,  engineering 
and  scientific  labor  E,  and  manufacturing  labor 
11,  rjspectively 


new  Issues/redemptions  of  debt 

new  issues/ redemptions  of  shares  of  stock 
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II.  Greek 

a ratio  of  target  fee  to  target  cost  under  govern- 

C u y s 

ment  contract  c won  at  t in  s 


c^t , s 


ratio  of  target  fee  to  target  cost  under 
government  contract  c ongoing  at  t = 0 

the  contractor's  share  of  cost  overruns  and 
underruns  under  government  contract  c won 
at  t in  s 


c^t , s 


the  contractor's  share  of  cost  overruns  and 
underruns  under  government  contract  c ongoing 
at  t = 0 


proportion  of  costs  incurred  that  are  judged 
allowable  under  government  contract  c 

constant  percentage  rate  of  physical  depreciation 

the  probability  that  state  of  nature  s will 
obtain  at  time  t 

net  income  (after  tax) 

actual  fee  earned  under  government  contract  c 

target  fee  under  government  contract  c 

proportion  of  allowable  costs  in  any  period 
under  an  ongoing  government  contract  that  is 
granted  as  progress  payments  (actual  p £ 0.8) 

constant  tax  rate 


X,  . , value  of  an  additional  unit  of  (physical) 

capital  at  time  t in  state  s contingent  upon 
the  transition  to  s at  t from  s'  at  t - 1 


1194 


c t,s 


IT. 

C t ,S 


Lagrange  multipliers  associated  with  government 
contract-specific  production  functions 

Lagrange  multiplier  associated  with  the  production 
function  for  the  commercial  aerospace  product 

Lagrange  multiplier  associated  with  the  production 
function  for  the  commercial  non-aerospace  product 


5,t,s 


value  of  an  additional  unit  of  contractor- 

furnished  capital  ('  . > 0,  Vt,  Vs) 

, X , s ^ 


6.t,s 


value  of  an  additional  unit  of  government- 
furnished  capital  (A-  . > 0,  yt,  Vs) 

O y X I S ““ 


. , value  of  a change  in  the  amount  of  debt  out- 

standing  at  time  t in  state  s contingent  upon 
the  transition  to  s at  t from  s'  at  t - 1 


Aq  t value  of  a change  in  the  number  of  shares 

O , X , S y S 

of  Stock  outstanding  at  t in  state  s contingent 
upon  the  transition  to  s at  t from  s'  at  t - 1 


Aq  . , value  of  a change  in  the  book  value  of  total 

^ y X y S y S 

equity  at  t in  state  s contingent  upon  the 
transition  to  s at  t from  s'  at  t - 1 


A-„  . Lagrange  multiplier  associated  with  the  balance 

X U y X y S 

sheet  identity  (interpreted  as  the  firm's 
marginal  cost  of  financial  capital) 


A,-  . , value  of  an  additional  dollar  of  cash  balances 

ll,t,s,s' 

at  t in  state  s contingent  upon  the  transition 
to  s at  t from  s'  at  t - 1 


12,t,s 


measure  of  the  impact  of  the  nonnegativity 
constraint  on  precautionary  cash  balances 
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X 


13,t,s,s' 


value  of  an  additional  dollar  of  accounts 
receivable  at  t in  state  s contingent  upon 
the  transition  to  s at  t from  s'  at  t - 1 


^14,t,s 


value  of  an  additional  unit  of  administrative 
labor 


^15,t,s 


value  of  an  additional  unit  of  engineering  and 
scientific  labor 


1.  With  the  exception  of  t and  s,  the  symbols  drawn  from 
the  roman  alphabet  are  listed  in  alphabetical  order 

2.  Wherever  the  pair  of  subscripts  t,s  appears  the 
statement  'at  time  t in  state  of  nature  s'  should 
be  added  to  the  definition  of  the  symbol.  In  the 
interest  of  brevity  this  is  not  done  for  each  symbol 
in  the  table  bearing  these  subscripts. 
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VIII.  SUMMARY.  CONCLUSIONS.  AND 

SUGoESTIONS  FOR  FURTHER  RESEARCH 

A.  SUMMARY  AND  CONCLUSIONS 

At  the  end  of  an  undertaking  such  as  this  it  is  important 
to  take  stock.  This  is  done  in  this  chapter  by  first, 
indicating  what  sparked  the  author's  interest  in  the  theory 
of  the  firm;  then  reviewing  the  research  results  reported 
herein  and  summarizing  the  major  contributions  of  the 
thesis;  and  lastly,  suggesting  what  might  lie  ahead. 

During  the  period  1971-1973  the  author  studied  at 
the  University  of  Cambridge,  where  he  worked  under  Ajit 
Singh  and  attended  two  series  of  lectures  given  by  Robin 
Marris.  The  latter,  whose  managerial  model  of  the  firm 
is  presented  in  section  G in  chapter  two  of  this  thesis, 
and  the  former,  whose  empirical  studies  of  the  role  of 
takeovers  were  also  discussed  in  section  G,  indicated 
to  the  author  the  limitations  of  existing  models  of 
the  firm  and  stimulated  the  author's  interest  in  developing 
more  'realistic'  models  of  the  firm  that  could  be  used 
to  explore  a wider  range  of  issues  than  those  for  which 
the  models  that  had  appeared  in  the  literature  were  suitable. 

Even  before  leaving  Cambridge  it  had  become  apparent  to 
the  author  that  the  formulation  of  more  meaningful  m\>dels 
of  the  firm  would  likely  entail  the  use  of  more  sophisticated 
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mathematical  techniques  than  those  that  had  previously 
been  employed. 

In  selecting  the  specific  research  topic  for  this 
thesis  it  was  the  author's  intention  to  utilize  the  technique 
of  optimal  control  theory  in  order  to  extend  the  theory 
of  the  firm  by  developing  a stochastic  multiperiod  model 
of  the  firm  and  by  using  the  mt'del  to  study  the  operating 
decisions  and  financial  decisions  - and  the  relationship 
between  them  - made  by  the  firm  in  the  face  of  uncertainty 
in  general  and  systematic  demand  shifts  - e.g.  the  business 
cycle  - in  particular.  It  was  also  the  author's  intention 
to  study  the  behavior  of  a representative  firm  in  a specific 
industry  - the  industry  selected  was  the  U.S.  airframe 
industry  - in  the  context  of  that  industry's  institutional 
and  regulatory  milieu.  The  purpose  of  such  an  analysis 
would  be  to  formulate  a model  that  incorporated  these 
industry-specific  phenomena  and  to  use  the  model  to  study 
analytically  the  behavior  of  the  firm  under  alternative 
institutional  and  regulatory  settings. 

1.  The  General  Literature  and  Its  Patterns 

The  initial  phase  of  the  research  effort  involved 
a survey  of  the  literature  in  order  to  ider.^  ify  clearly 
the  state  of  the  art  in  modeling  the  firm  and  its  behavior. 

In  order  to  make  sense  out  of  the  multiplicity  of  models 
that  had  been  formulated,  a taxonomy  was  developed  and  the 
most  significant  of  the  previous  contributions  to  the  theory 
of  the  firm  were  classified  according  to  their  principal 
economic  and  mathematical  attributes.  The  results  are 
presented  in  chapter  two  and  a convenient  summary  of  the 
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results. is  provided  in  tables  11-34  and  11-35, 

The  principal  economic  attributes  are:  the  nature  of 
the  firm's  objective  (traditional/managerial/behavioral/modern 
traditional);  the  treatment  of  financial  considerations 
(subsumed/ internal  only/external  - debt  only/external  - equity 
only/external  - both  debt  and  equity);  the  existence  of 
uncertainty  (or  lack  of  it);  the  consideration  (or  lack  of  it) 
of  disequilibrium  issues;  and  the  treatment  of  time  (single 
period  or  multiperiod).  The  principal  mathematical  attributes 
are:  the  nature  of  the  optimization  (static  or  dynamic);  the 

existence  (or  lack  of  it)  of  nonlinearities;  the  nature  of 
the  constraints;  and  the  solution  technique  employed.  The 
survey  revealed  the  following  lacunae  in  modeling  (and  under- 
standing the  behavior  of)  a firm  making  operating  and  financial 
decisions  in  an  uncertain  world: 

- Due  at  least  in  part  to  the  conceptual  difficulties  associated 
with  specifying  the  appropriate  objective  for  the  traditional 
type  firm  operating  within  a stochastic  multiperiod  environ- 
ment,^ there  were  no  models  that  considered  the  behavior  of 
the  firm  within  a context  that  was  both  multiperiod  and 
stochastic  in  nature, 

- There  were  no  models  that  permitted  an  interaction  between 
phenomena  external  to  the  firm  and  phenomena  internal  to  it. 

- The  models  classified  firms  into  those  in  which  the  share- 
holders' goals  always  predominated  (traditional  and  modern 
traditional);  those  in  which  the  firm's  professional 
manager's  goals  always  predominated  (managerial);  and  those 
in  which  goal  setting  was  assumed  to  take  place  through 
some  Internal  bargaining  process,  with  the  consequence 

that  specific  goals  at  any  point  in  time  were  ill-defined 
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a stable  relationship  (over  time)  between  the  goals  of 
both  shareholders  and  managers. 

2.  The  Basic  Model  and  Significant  Results 

Thus  it  was  decided  to  develop  a model  of  the 

firm  with  the  following  attributes: 

- The  model  would  explicitly  allow  for  the  objectives 

of  shareholders  and  managers  - and  a stable  relationship 
between  these  sets  of  objectives  over  time  - within 
a single  collective  utility  function. 

- The  model  would  integrate  factors  relevant  to  the  firm’s 
operating  policy  decisions  and  those  relevant  to  its 
financial  policy  decisions  into  a stochastic  multiperiod 
model  in  order  to  permit  conclusions  concerning  the 
relationship  between  these  two  sets  of  policies  to  be 
drawn. 

- The  model  would  explicitly  recognize  the  interaction 
between  phenomena  external  to  the  firm  and  phenomena 
internal  to  it  in  order  to  permit  systematic  changes 
in  the  behavior  of  the  firm  in  response  to  shifts  in 
demand,  such  as  those  caused  by  the  business  cycle,  to 
be  studied. 

- The  uncertainty  version  of  the  Integrated  production- 
finance  model  would  employ  the  time-state-preference 
approach  to  modeling  uncertainty. 

- The  uncertainty  version  of  the  Integrated  production- 
finance  model  would  be  formulated  as  a stochastic  optimal 
control  problem  and  its  optimal  solution  characterized 
using  appropriate  mathematical  techniques. 
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The  specification  of  the  model  possessing  the 
aforementioned  attributes  permitted  the  following  results 
to  be  obtained: 

- The  traditional,  managerial,  and  behavioral  views  of 
the  firm  were  synthesized  and  conditions  under  which 
traditional  objectives  would  rank  ahead  of  managerial 
objectives  were  distinguished  from  conditions  under 

which  managerial  objectives  would  rank  ahead  of  traditional 
objectives  (chapter  three). 

- The  extent  of  managerial  discretion,  as  indicated  by 
whether  or  not  the  profit  constraint  was  binding,  was 
shown  to  have  a significant  effect  on  the  behavior 

of  the  firm  (chapter  three). 

- It  was  shown  that  factors  external  to  the  firm  could 
play  an  important  role  in  determining  the  firm's  choice 

of  operating  policies,  and  in  particular,  that  the  behavior 
of  the  firm  over  time  could  vary  systematically  between 
the  traditional  and  managerial  modes  due  to  shifts 
in  demand,  such  as  those  attributable  to  the  business 
cycle  (chapter  three). 

- The  firm's  optimal  operating  (i.e.  output,  input  usage, 
and  investment)  policies  and  optimal  financial  (i.e.  cash 
management,  leverage,  and  dividend)  policies,  and  the 
relationships  between  these  two  sets  of  policies,  were 
derived  (chapter  four). 

- It  was  shown  that,  except  under  special  circumstances 
(which  were  specified),  the  firm's  output  decision 

is  not  Independent  of  its  cash  management  policy,  and 
also  that,  except  under  special  circumstances  (which 
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were  also  specified),  the  firm's  cost  of  capital,  and 
hence  its  investment  decision,  is  not  Independent  of 
its  leverage  policy  (chapter  four). 

- Given  the  lack  of  separability,  it  was  shown  how  a 
planning  algorithm  not  requiring  separability  could 
be  devised  for  the  multidivision  firm  (chapter  five). 

- It  was  also  shown  how  the  firm's  degree  of  organizational 
slack  can  vary  systematically  in  response  to  external 
pressures  brought  on  by  changes  in  demand  over  the  business 
cycle  (chapter  five). 

- Internal  resource  allocation  rules  were  derived  for 
the  decentralized  multidivision  firm  and  the  possible 
implications  for  internal  control  and  X-efficiency  when 
division  managers  are  able  to  exercise  discretion  were 
derived  (chapter  rive). 

- It  was  further  shown  throughout  the  model's  development 
that  mathematical  programming  theory  could  be  invoked 

in  order  to  develop  economically  meaningful  interpretations 
of  the  Lagrange  multipliers  (chapters  three  through 
five). 


3.  The  Representative  Airframe  Builder  Model 

The  study  of  the  U.S.  airframe  industry  proceeded 
from  a review  of  the  relevant  literature  that  revealed 
few  previous  attempts  to  model  a defense  contractor  - 

2 

with  the  main  exceptions  being  the  contract  bidding  literature, 

in  which  just  one  aspect  of  contractor  behavior  was  modeled, 

3 4 

and  the  models  due  to  Gorgol  and  Jones,  which,  as  noted 
in  chapter  seven,  were  concerned  mainly  with  model  formulation. 


rather  than  with  obtaining  analytical  results.  In  order 
to  obtain  a better  appreciation  for  the  Institutional 
constraints  the  airframe  builders  face  and  how  these 
constraints  affect  their  long  term  and  short  term  planning, 

5 

interviews  were  conducted  at  the  nine  major  airframe  builders, 
which  resulted  in  the  description  of  their  internal  planning 
processes  presented  in  chapter  six. 

Based  on  the  work  of  Jones  and  the  aforementioned 
Interviews,  a model  of  the  representative  airframe  builder 
incorporating  the  following  distinguishing  features  was 
formulated; 

- The  objective  function  reflects  the  principal  objectives 
of  these  firms,  and  in  particular,  their  interest  in 
diversification,  which  is  modeled  by  specifying  four 
sales  objectives:  aerospace  sales  to  the  government, 
non-aerospace  sales  to  the  government,  commercial  aerospace 
sales,  and  commercial  non-aerospace  sales. 

- The  model  integrates  those  factors  relevant  to  the  airframe 
builder's  operating  decisions  and  those  factors  relevant 

to  its  financial  decisions  into  an  analytical  model. 

- The  model  is  of  the  stochastic  multiperiod  variety 
and  draws  heavily  on  the  author's  basic  theoretical 
model  fonnulated  in  chapter  four. 

- The  model  Incorporates  the  government's  principal 
procurement  policy  parameters  and  explicitly  takes 
into  account  the  government's  progress  payments  policy. 

- The  model  is  formulated  as  a stochastic  optimal  control 
problem,  with  uncertainty  modeled  using  the  time-state- 
preference  framework. 
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The  representative  airframe  builder  model  is 
used  in  chapter  seven  to  characterize  the  airframe  builder's 
optimal  operating  policy  decisions  and  optimal  financial 
policy  decisions  and  to  explore  how  these  two  sets  of 
policy  decisions  are  related.  As  in  chapter  three,  it 
was  found  that  the  representative  airframe  builder  tends 
to  produce  more  commercial  output  than  a short  run  profit 
maximizer.  In  addition,  it  was  found  that  the  representative 
airframe  builder  tends  to  allocate  more  labor  to  each 
government  contract  than  a short  run  profit  maximizer. 

As  in  chapter  four,  it  was  found  that  the  representative 
airframe  builder's  optimal  operating  policies  are  not, 
in  general,  independent  of  financial  considerations. 

The  representative  airframe  builder  model  was 
also  utilized  in  chapter  seven  to  study  the  impact  of 
alternative  government  regulatory  policies,  with  the 
following  results: 

- It  was  shown  that  the  progress  payments  policy  produces 
cash  flow  effects  that  tend  to  cause  the  airframe  builder 
to  alter  its  labor  usage  policy,  and  in  particular, 

that  labor  usage  under  government  contracts  (beyond 
short  run  profit  maximizing  levels)  varien  inversely 
with  the  degree  of  cash  flow  stringency  attributable 
to  the  time  phasing  of  government  contracts. 

- The  model  was  used  to  provide  two  explanations  for  the 
often  cited  hoarding  of  skilled  labor  by  defense  contractors. 

- It  was  shown  that  the  representative  airframe  builder 
would  react  in  the  expected  manner  to  the  Profit  '76 
study's  recommended  policies  of  making  interest  expense 


allowable  and  of  making  contractor  fees  sensitive  to 
contractor  investment. 

In  the  analysis  of  the  airframe  builder's  policy 

decisions  the  optimality  criteria  of  the  short  run  profit 

maximizer  were  used  for  comparison.  This  was  done  for 

two  reasons.  First,  the  Armed  Services  Procurement  Regulation 

(ASPR)  assumes  that  contractors  are  motivated  to  maximize 

6 

short  run  profit.  Second,  short  run  profit  maximization 

(i.e.  the  traditional  model  discussed  in  chapter  two), 

which  leads  to  Pareto  optimality  in  the  context  of  a perfectly 

7 

competitive  economy,  has  been  adopted  by  economists  as 
the  bench  mark  in  the  analysis  of  alternative  modes  of 
behavior  on  the  part  of  the  firm.  How  close  the  behavior 
of  actual  firms  comes  to  short  run  profit  maximization 
is  an  empirical  question,  and  several  studies  dealing 
with  this  issue  were  discussed  in  chapter  two.  This 
point  is  an  important  one  because,  as  the  literature  on 

g 

the  theory  of  second  best  makes  clear,  if  large  firms 
outside  the  airframe  industry  depart  from  the  ideal  of 
short  run  profit  maximization,  as  the  basic  theoretical 
model  developed  in  chapters  three  through  five  suggests, 
then  forcing  the  airframe  builders  to  adopt  short  run 
profit  maximizing  policies  may  lead  to  a decrease,  rather 
than  an  increase,  in  social  welfare.  More  important, 
in  view  of  ASPR's  assumption  concerning  contractor  motivation, 
if  the  model  formulated  in  chapter  seven  of  this  thesis 
could  be  validated  empirically,  then  a basic  conflict 
would  be  shown  to  exist  between  actual  contractor  behavior 
and  the  type  of  contractor  behavior  considered  optimal 
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by  the  government . 

The  model  formulated  in  chapter  seven  and  its 
use  in  studying  several  procurement  policy  questions  should 
be  viewed,  then,  as  a general  discussion  of  public  policy 
regulatory  analysis,  and  not  as  a call  for  further  immediate 
reforms  in  U.S.  government  procurement  policy.  Hard 
policy  recommendations  must  await  careful  empirical  research. 

It  is  the  author's  hope  that  the  model  of  the  representative 
airframe  builder  formulated  in  chapter  seven  will  serve 
as  an  important  first  step  toward  a fuller,  more  comprehensive 
aJ2d  scholarly  analysis  of  the  difficult  issues  involved 
in  setting  a procurement  policy. 

B.  SUGGESTIONS  FOR  FURTHER  RESEARCH 

During  the  course  of  the  development  of  both  the  basic 
model  and  the  representative  airframe  builder  model  alternative 
approaches  were  eschewed  in  favor  of  those  reported  in 
the  thesis.  Several  of  these  alternative  paths  are  reason- 
able directions  for  further  research.  In  addition,  the 
specific  directions  taken  in  the  author's  research  can 
be  pursued  further,  and  this  further  evolution  of  the 
basic  model  and  these  further  refinements  of  the  airframe 
builder  model  are  discussed  below. 

1.  Extensions  of  and  Empirical  Tests  of  the  Basic 

Model 

The  basic  theoretical  model  presented  in  chapters 
three  through  five  placed  the  firm  in  a partial  equilibrium 
setting.  The  analysis  of  the  (expected)  collective  utility 
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maximizer  focused  on  the  individual  firm,  its  behavior 

over  time  under  uncertainty,  its  choice  of  optimal  operating 

policies  and  optimal  financial  policies,  and  its  internal 

allocation  of  productive  resources.  Further  research 

could  explore  the  interactions  between  firms  of  the  type 

modeled  in  chapters  three  through  five  and  the  implications 

of  such  interactions  for  the  behavior  of  the  individual 

firm.  Such  research  would  be  welcome  because,  as  noted 

in  section  D of  chapter  one,  the  bulk  of  the  research 

within  the  theory  of  the  firm  has  dealt  with  the  firm 

in  isolation.  By  imbedding  the  firm  within  alternative 

market  structures,  the  Importance  of  market  structure 

as  it  affects  the  behavior  of  the  firm,  for  example 

9 

the  quality  of  goods  produced,  could  be  studied. 

At  an  empirical  level,  the  basic  theoretical  model 
( yields  the  following  empirically  testable  propositions: 

- The  behavior  of  the  typical  large  firm  varies  systematically 
over  the  business  cycle,  being  more  consistent  with 

the  managerial  models  during  the  upswing  and  more  consistent 
with  the  traditional  models  during  the  downswing. 

- An  increase  in  the  tax  rate  on  corporate  profits  will 
tend  to  cause  th''  firm  to  increase  managerial  emoluments 
at  the  expense  dividends  and  to  substitute  debt 

for  equity  in  its  capital  structure. 

- The  typical  large  firm's  payment  of  managerial  emoluments 
and  hiring  of  (nonproductive)  staff  will  vary  systematically 
over  the  business  cycle,  both  increasing  relative  to 

other  variables  during  the  upswing  and  decreasing  relative 
to  other  variables  during  the  downswing. 
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- The  level  of  relative  X-efficiency  within  the  typical 
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large  firm  will  vary  directly  with  the  degree  of  centralization, 
i.e,  the  more  centralized  the  firm,  the  greater  the 
relative  degree  of  X-efficiency.  Put  somewhat  difierently, 
the  relatively  higher  the  extent  of  decentralized  decision- 
making, the  relatively  greater  the  degree  of  organizational 
slack  (nonproductive  administrative  labor  within  each 
division  as  a percentage  of  the  division's  total  labor 
force ) . 


2.  Extensions  of  and  Empirical  Tests  of  the  Representative 

Airframe  Builder  Model 

The  second  main  direction  for  further  research 

concerns  the  further  development  of  the  model  of  the 

representative  airframe  builder.  For  example,  the  model 

presented  in  chapter  seven  abstracted  from  the  Renegotiation 

10 

Board  and  its  impact  on  the  firm's  behavior.  Recently 

Agapos  claims  to  have  shown  that  the  Renegotiation  Board 

has  had  a positive  effect  on  pre-tax  profits. By  reformulating 

the  model  presented  in  chapter  seven  to  include  the  Renegotiation 

Board  the  role  of  that  board  in  regulating  defense  contractors' 

profits  could  be  studied. 

The  representative  airframe  builder  model  could 
also  be  extended  in  the  same  manner  as  suggested  above 
for  the  basic  theoretical  model  to  study  the  interactions 
among  airframe  builders,  particularly  during  the  bidding 
process.  Such  a model  might  also  prove  useful  in  studying 
the  contractor-subcontractor  relationship  and  the  extent 
to  which  the  subcontractor's  relationship  to  the  contractor 
parallels  the  contractor's  relationship  to  the  government. 
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The  representative  airframe  builder  model  formulated 


I 


and  analyzed  in  chapter  seven  abstracted  from  the  determinants 

of  the  government's  demand  for  aircraft.  It  was  assumed 

that  the  government's  demand  for  aircraft  could  be  expressed 

in  the  form  of  a bivariate  quasi-demand  function,  which 

12 

was  specified  in  section  B.  Additional  research  could 
be  directed  toward  illuminating  the  determinants  and  form 
of  the  actual  demand  relationship. 

At  an  empirical  level,  the  model  of  the  representative 
airframe  builder  yields  the  following  empirically  testable 
propositions : 

- The  airframe  builder  systematically  allocates  labor 
to  government  contracts  and  sets  commercial  output 
beyond  the  levels  consistent  with  short  run  profit 
maximization. 

- The  airframe  builder's  tendency  to  allocate  Inputs 
to  work  under  government  contracts  beyond  short  run 
profit  maximizing  levels  is  directly  related  to  the 
cash  flow  impact  of  the  number  of  contracts  being 
completed/terminated. 

- The  procurement  policy  changes  resulting  from  the  Profit 
'76  study  will  induce  contractors  to  substitute  contractor- 
furnished  capital  for  government-furnished  capital  and 
will  induce  contractors  to  increase  their  investment 

in  plant  and  equipment  (i.e.  such  investment  will  be 
greater  than  it  would  have  been  without  the  changes). 

It  is  this  writer's  hope  that  a careful  reading 
.>f  this  thesis  will  stimulate  further  research  into  the 
•rwAs  discussed  above. 

1209 


I 

M 

i 


CHAPTER  EIGHT  FOOTNOTES 


1.  See  subsection  4 in  section  K of  chapter  two. 

2.  See  footnote  3 of  chapter  seven  for  references. 

3.  Gorgol,  op.  cit. 

4 . Jones , op.  cit. 

5.  The  nine  firms  at  which  interviews  were  conducted 

by  the  author  are  listed  in  footnote  1 of  chapter  six. 

6.  Defense  Procurement  Circular  No,  76-3,  op . cit . , p.  3. 

7.  For  a mathematical  exposition  see  Henderson  and  Quandt, 
op.  cit . , ch.  7,  or  Takayama,  op,  cit. . pp.  185-201. 

8.  R.G.  Lipsey  and  K.  Lancaster,  "The  General  Theory 

of  Second  Best,"  Review  of  Economic  Studies  (vol.  24; 
no.  63;  January  1956),  pp.  ll-32,  and  E.J.  Mishan, 
"Second  Thoughts  on  Second  Best , " Oxford  Economic 
Papers  (new  series,  vol.  14;  no.  3;  October  1962), 
pp.  505-217. 

9.  A recent  study  that  explores  the  relationship  between 
market  structure  and  the  durability  of  capital  goods 
is  A.  Raviv  and  E.  Zemel,  "Durability  of  Capital 
Goods : Taxes  and  Market  Structure , " Econometrica 
(vol.  45;  no.  3;  April  1977),  pp.  703-717. 

10.  The  Renegotiation  Board  is  included  in  the  model 
specified  by  Jones.  Jones,  op.  cit. 

11.  A.M.  Agapos,  Government- Industry  and  Defense:  Economics 
and  Administration  (University  of  Alabama  Press; 

Alabama;  l97S). 

12.  See  footnote  38  in  chapter  seven. 
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